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REPORTED ARE THE RESULTS OF A CURRICULUM RESEARCH 
PROJECT OF THE MICHIGAN SCIENCE CURRICULUM COMMITTEE JUNIOR 
HIGH SCHOOL PROJECT FOR USE IN TEACHING JUNIOR HIGH SCHOOL 
UNIFIED SCIENCE. THE COMMITTEE USED PREVIOUS RESEARCH DATA, 
PARTICULARLY IN THE AREA OF INSTRUCTION AND INQUIRY TRAINING, 
TO DEVELOP 13 UNITS INCLUDING 55 OPEN-ENDED LABORATORY 
EXPERIENCES. EACH EXPERIENCE IS DIRECTED TOWARD ONE OR MORE 
OF 13 INTERDISCIPLINARY IDEAS WHICH ARE GROUPED UNDER TWO 
BASIC ASSUMPTIONS— (1) SCIENTISTS EXPECT NATURE TO BE DYNAMIC 
AND TO SHOW VARIATION AND CHANGE, (2) SCIENTISTS THINK OF THE 
WORLD, AND OF THE PHENOMENA IN IT, AS CONSISTING OF SETS OF 
RELATIONSHIPS RATHER THAN ABSOLUTES. EVALUATION WAS BASED ON 
STUDENTS* QUESTIONS SUBMITTED TO THE INSTRUCTOR AFTER THEY 
HAD COMPLETED INSTRUCTION RELATIVE TO A PARTICULAR IDEA. 

THESE QUESTIONS WERE THEN DIVIDED INTO TWO GROUPS, THOSE 
WHICH POINTED TOWARDS THE IDEA AND THOSE WHICH DID NOT. 
STUDENTS ALSO RESPONDED ON AN OBJECTIVE TEST WHICH REQUIRED 
THEM TO DISTINGUISH WHETHER A QUESTION DID OR DID NOT POINT 
TOWARD THE IDEA INVOLVED. FURTHER EVALUATION IS PROJECTED. 

THEY BELIEVE THAT THIS CAN BE USED, IN WHOLE OR IN PART, WITH 
ANY CU*»RICULUM PLAN SO LONG AS THE SUBJECT MATTER INCLUDED 
CAN BE MATCHED WITH ONE OR MORE OF THE IDEAS INCLUDED IN THE 
PROJECT MATERIALS. EACH OF THE 13 UNITS 15 INCLUDED IN THE 
TEACHER'S GUIDE. CRITERIA FOR WRITING LABORATORY EXPERIENCES, 
SUGGESTED PROCEDURES FOR USING THE MATERIALS, AND THE TESTS 
DEVELOPED WITH THE PROJECT ARE ALSO INCLUDED. <DS) 
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A Nfw Approach ^ Inf rdiiclplinary Savnth Orada Scianca 

W, C, Van Davanf r 
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Thm Michigan Scianca Curriculu* Ooiuiittaa Junior High School Pro j act 
is an atta*pt to davalop a prCgraa for aavanth grade intardiaciplinary 
scianca. It is based on selected cross-cutting ideas, and attempts to 
davalop an understanding of these throui^ open-ended laboratory axpariancas. 
So far thirteen ideas have been utilized, and fifty-five laboratory 
experiences directed toward these have been developed. 

The investigators believe^ that Junior high school science, particu- 
larly at its early levels, centering on seventh grade, constitutes a 
crucial, pivotal area, lying between the generalized science taught in the 
elementary grades, and specialized sciences of the secondary lev« It 
furnishes a final opportunity to take a meaningful look at interdia. Un- 
ary safcei^e. This can best be done in terms of inquiry . The cu rent 
failure of junior high school science to fulfill this vital, integrative 
function constitutes a problem that is the basis for this project. 

The present trend toward offering lower level versions cf single-field 
science courses in the junior hli^ school complicates th4s problem rather 
than contrlbuf s to its solution. There is a definite place for a revital- 
ized general science approach. This general science, however, needs to be 
planned in terms of problems, ideas, and understandings, rather than a 
limited survey of conventional science fields. 

It is assumed in this investigation that studentMHgt the junior hig^ 
level can and should begin to make meaningful contacIMSlth some of the 
ideas of science, and that these can best be taught through experiences 
that will enable them to see science as process and inquiry, rather than 
a body of facts to be learned. 

The thirteen ideas have been selected on the following 

1. They are believed to be amenable for use at the junior hig^ 

school level. 

gj They can be approached through simple, open-ended laboratory 

experiences. 

3. Once made a part of students* thinking, they will be useful 

at all later educational levels. 

These ideas are grouped under two of the basic assumptions of 
scientists in dealing with the natural world: 

A. Scientists assume the universality of change. 

1. Idea of dynamic equilibrium 

а. Idea of change and variation 

3. Idea of normal curves and warping factors 

4. Idea of gradients 

5. Idea of extrapolation and interpolation 

б. Idea of cycles and cyclic change 

7. Idea of directional change in response to the challenge 
of the environment 



B. Scientists think in t^rms of relationships rather than absolutes 

1. Idea of measurement as an expression of relationship 

2. Idea of templates or transference of pattern 

3. Idea of Interdependence and interrelationship^ 

4. Idea of the necessary interaction of heredity and environment 

5. Idea of differential rates of processes in development 

6. Idea of tools, machines, and outside sources of energy as 
extensions of man's body and its capabilities 

Fifty-five open-ended laboratory experiences have been developed, each directed 
toward one or more of the ideas. These experiences are simple, requiring 
little in the way of laboratory facilities or equipment. They are designed 
primarily to pixDHote thinking on the part of the students. 

The investigators have also developed a set of criteria for writing or evalu- 
ating laboratory experiences, and suggested procedures for teachers wishing 
to use the project materials. Ihe materials have been tried out informally 
or with semi- supervision in a number of schools. 

The project now faces the problten of attempting to evaluate students* thinking 
in relation to the ideas. The hypothesis presently being tested is that it 
is possible to determine more effectively the extent and quality of students* 
thinking in relation to an idea through the questions they ask than through 
the answers they give to questions asked of them. 

The suggested teaching procedure encourages students to ask questions directed 
toward the ideas. These questions are asked orally prior to, during, and 
following the carrying on of laboratory exjieriences directed toward each idea. 
Questions are encouraged at four levela: 

1. Those which can be answered readily from the experience at hand, 
together wtlh general background knowledge 

2. Those which can be answered, but only after considerable investi- 
gation and thinking 

3. Those which probably cannot be answered by either student or 
teacher 

4. Those which cannot be answered at all with our present state of 
knowledge, but which take students to the frontiers of research. 

Finally, written questions at all of these levels are collected from the 
students. These are utilized to build testing Instruments which ask stu- 
dents to distinguish between those questions that are related to the idea 
under consideration and those which are not so related . A more advanced 
type of test is projected which will attempt to determine why students 
make this distinction in the case of specific questions. 

Those who are working with the project believe that they are striking at the 
heart of the inquiry process. The need now is for an opportunity to carry 
on these procedures under more careful supervision in the classroom. 

The project materials may be obtained free by writing to; 

Dr. W. C. Van Deventer 
Director, MSCC-JHSP 
Department of Biology 
Western Michigan University 
Kalamazoo, Michigan 49001 



Suggested Procedure for a Ttacher Wlahiiii^ to 
Use MSCC-JHSP lister! als 



Choose one or more of the Ideas . If you are using the materials 
for the first; time it would probably be best to choose only one Idea , 
then after successfully completing this one, choose another if you 
wish to go ahead with the materials* 

Choose those laboratory experiences under the Idea that you hatre 
selected which you feel are 

a. within your own capabilities. 

b. within the capabilities of your students. 

c. within the range of possible accomplishment, given your situation. 

Make sure that you yourself understand the Idea as it is expressed 
in the Idea"Bridge . 

Communicate the Idea to your students in language that they can 
understand. This "trcnslatloii^' job is your responsibility. Further- 
more, in doing it you will become better acquainted with the Idea 
yourself. Remember that students with different levels of ability 
may require different "translavtions. ” The Idea can be "translated” 
in some Intellectually honest fashion for students at any ability level. 

Take as much as a whole period in discussing the Idea with your 
students. Give them an opportunity to ask questions freely con- 
cerning it, end relating it to their past experiences. 

Work out all of the laboratory experiences that you have chosen 
which look toward the Idea , one after another. As you do so, hold 
the Idea before the students by asking them leading, open-ended 
questions of your own devising which relate to the Idea . As far 
as possible, these questions should be ”how-why” questions, rather 
than "what " questions or simple "how" questions. They should be 
framed at four different levels: 

a. Some which can be answered readily by the student from 
general knowledge and the. experience at hand. 

b. Some which can be answered only after some thought and 
investigation. 

c. Some which probably cannot be answered at all by either 
student or teacher. 

d. Some which cannot be answered by anyone with our present state 

of knowledge, but which will show the students the frontier of the 
advance of science. 

Hote : Questions of types (a) and (b) tend to overlap; likewise, 

questions of types (c) and (d) necessarily do so. 
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7. Spend up to a whole period with the itudents, after the laboratory 
experlencea are all completed, again going over the Idea In their 
language, and giving them an opportunity to aak questlone freely, 
baaed on their laboratory experlencea and pointing toward the Idea . 

8. Ask the students each to write down six questions , pointed toward 
the Idea and based on their laboratory experiences. Three of these 
questions may be answerable by "Yes** or "No," and three may not be so 
answerable. (This is merely a device which we have found 

helps to give a broader "spread" to the questions that are asked.) 

9. From the students' written questions, prepare two lists: 

a. Those questions that In your best Judgment apply to the Idea or 
point toward It. 

b. Those questions that In your best Judgment do not apply to the Idea 
or point toward it. 

10. Select 25 or 30 of the "best" questions from each list, and scramble 
them into a two-choice objective test. Place at the beginning of the 
test a brief but clear statement of the Idea , so that students can refer 
to It while marking the test. Ask them to Indicate which questions 
of the 50-60 listed apply to or point toward the Idea and which do not. 

We believe that students give a better Indication of their thinking 
In terms of an Idea by the questions that they ask than by any 
answers that they might give to questions which we would ask them. 

It should be noted that this Is not a "True-False" test. Both types 
of questions may be equally valid questions , thou^ It Is not 
necessary that they be answerable. Some of them will be answerable 
and some may well not be. The distinction which the students are asked 
to make Is made solely on the basis of whether or not the questions 
apply to or point toward the Idea . 

Tests of this type do not constitute an attempt to evaluate the method 
of teaching in which they are used as compared to the conventional method 
or any other method. They are designed to evaluate only student thinking 
in relation to Ideas . Their use in no way precludes the use of 
additional tests designed to evaluate extent of factual knowledge, 
ability to solve problems, or any other objective. 
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MICHIGAN SCIENCE CURRICULUM COMMITTEE JUNIOR HIGH SCHOOL PROJECT (MSCC-JHSP) 

Testing^ Program 



The Michigan Science Curriculum Committee Junior High School Project 
hast developed thirteen cross-cutting Ideas and fifty-six open-ended labora- 
tory experiences which are based on these Ideas . At the present time MSCC- 
JHSP is interested in setting up a testing program to determine the extent 
to which students using these materials are attaining an understanding of 
the Ideas toward which the laboratory experiences are dlr'ected. 

MSCC-JHSP believes that tie questions students ask give a better 
indication of the quantity and quality of their thinking than any answers 
which they might give to questions that are asked of them. Therefore, a 
procedure is being tried in which testing instruments are prepared from 
questions that are Lisked by students in classes. 

Would you or other members of your staff be interested in trying out 
some cZ the MSCC-JHSP materials, following the Project’s Suggested Procedure, 
and participating in the experimental testing program? 

MSCC-JHSP is prepared to enter i-co the following arrangement with 
those teachers who wish to take part in a cooperative program; 

1. The cooperating teacher, after completing a series of 
laboratory experiences directed toward one of the Ideas , 
following the Suggested Procedure , will collect student 
questions and mall them to the Director of the Project. 

2. The Director will process the questions into a test of the 
type described in the Suggested Procedure , and will mall 
the test to the teacher along with a master for grading. 

3. The teacher may make any modifications in the test or the 
master that he thinks necessary, prepare mimeograph or 
dittoed stencils, cmd run off as many copies of the test 
as he needs. 

4. After giving the test, the teacher will send to the Director. 

a. a copy of the master and five copies of the test as he .has 
given it, including any modifications that he has made 

in e ther. 

b. the raw test scores from the class (es) in which he used 
the test, and any analysis of these that he has made. 

5. The Director will send the teacher any new materials that 
may be produced by the Project, and the results of any 
testing program that is developed. 
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MOTE : This assembly of materials includes research which was per- 

formed pursuant to a contract with the United States Department of 
Health, Education and Welfare, Office of Education, under the provi- 
sions of the Cooperative Research Program, and also includes items 
prepared by the Committee prior to receiving federal support, published 
in Bulletin No. 313, NDEA Title III, Open-Ended, Laboratory-Centered 
Science for Grades 7-8-9 , Michigan Department of Public Instruction, 
Lansing, Michigan, 1969. . 



Directing Inquiry Toward Cross-Cutting Ideas ^ Science 
Through ^ Use o£ Simple , Open-Ended Laboratory Experiences 

Michigan Science Curriculum Committee 
Lansing, Michigan 



Teaching Unified Science in Terms of Cross-Cutting Ideas 

The Michigan Science Curriculum Committee^, operating under the Michigan 
State Department of Education, has been concerned with the development 
and testing of curricular materials for use in the junior hli^ schoo , 
particularly in seventh grade. Junior high school science, especially at 
its early levels, constitutes a crucial, pivotal area, lying between the 
generalized science taught in the elementary grades, and the specialized 
sciences of the high school years. It furnishes a final opportunity o 
take a meaningful look at interdisciplinary science. The current a ure 
of Junior high school science to fulfill this vital integrative funct on 
constitutes the problem which is the basis for this project. 

The present trend toward offering lower level versions of single-field 
science courses in the junior high school complicates this problem rather 
than contributes to its solution. There is a definite place for a revit- 
alized general science approach. This general science, howsVer, needs 
to be planned in terms of problems, ideas, and understandings, rather 
than a limited factual survey of conventional science fields. 

Renner (1963) says that "student understanding of the work of a scientist 
decreases as he progresses through the junior high school. It is 
assumed in this project that students at the junior high level can and . 
should begin to make meaningful contact with some of the ideas of science, 
and that these can best be taught through experiences which will enable 
them to see science as a process of inquiry , rather than merely a body 
of facts to be learned. 

The Committee believes that it is possible to select ideas or under- 
standings of a cross-cutting nature, important for two or more fiel^ of 
science, which can be introduced at the level of the junior high school, 
and which will continue to be valid in progressively more sophisticated 
fashion at each succeeding educational level. The junior hig^ school 
science program can then be built around a limited number of such ideas, 
as many as can be dealt with adequately in the time available. 

They believe, furthermore, that the experiences which will prove most 
fruitful in developing ideas of this kind are those involving open- 
ended laboratory . For these, students should be given minimal directions, 
mainly of a procedural nature. While carrying on these experiences 
they should be guided by questions at various levels of difficulty, asked 
either in connection with the written directions or by the teacher. They 



^This CJommittee consists of representatives of state universities, public 
schools (administrators, science supervisors, and teachers at various 
levels) and Industry. 
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should mlso bs sacouraifsd to rslss qusstloas at mil Isvsls, not mil of 
which ascd Bscsmsmrlly bs maswsrmbls. All questions, whether in the 
directions or msked teacher or students, should be pointed toward 
the idem toward which the laboratory experience is directed. 

./ ^ 

It is recofttixed that this approach involyes a clear* departure iron con- 
wentional lea;ming design. Subject natter is introduced as necessary 
in connection with the laboratory experiences, and beooaes Inportant 
only in terms of the ideas or understandings to which it contributes. 

This differs from subject matter-centered learning in which the acquisi- 
tion of knowledge is an end in Itself, and the laboratory experiences 
are primarily illustrative. It differs also from the purely exploratory 
tyPp of laboratory in which the activities are considered worthwhile 
as ends in themselves. 

In the type of learning proposed here, the ideas to be taught must be 
made clear to the students, and kept before them while the study is 
going on. In order that this may be done, it is necessary that a clear 
statement of each idea be prepared and made available to the teacher. 

It is then the teacher's responsibility to translate the idea into stu- 
dent langfisge, and keep it before the students. In doing this the teacher 
not only makes the idea intelligible to the students, but also makes it 
a part of his own thinking. 

The problem, therefore, has Involved: 

1. Selecting ideas or understanding that cut across two or more 
fields of science, and that will be significant at all educational 
levels beyond the point at which they are Introduced. 

2. Preparing clear statements of these ideas. 

3. Selecting open-dnded laboratory experiences that will contribute to 
the ideas. 

4. Setting up outline directions for these experiences. 

b. Using the experiences in the classroom, revising them if and 

as necessary. 

6. Evaluating growth in student thinking as a result of the exper- 
iences, in terms of the ideas toward which they are directed. 

Studies on the principles of science have constituted a major area of 
investigation in science education since the publication of the Thirty - 
First Yearbook (1932 ). Blanchet (1957) listed twenty-four studies which 
he considered outstanding, Includiz^g a study by Smith (1951) of principles 
desirable for a course in Junior high school general science. He indi- 
cated, however, that approximately twice this number had been carried 
out at the time he published his summary. Van Deventer (1956) showed 
that subject matter principles, of the type identified by Blanchet and 
others, rest, on the facts of science, and in turn, furnish support for 
ideas or understandings. of a broad nature which may belong to a single 
field of science, or may cut across two or more fields. He called these 
"area principles.*' He also demonstrated (1955) that there are a limited 
number of basic assumptions that are common to all science. 
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Hi* "icteas" which are ufed in the preaent atudy are ainilar to the "area 
Drinciplea" defined in Van Deventer* a 1956 atudy. A cloae affinity to 
^Me ideaa ia found in the nine "themea" on which the Biolofical Sciencea 
CurriculuM Study (B6CS) ia baaed. Sinilar ideaa or underat andinga can 
'99 identified in other najor curriculu* atudiea: the Phyaical Science 

Studv Co«aittee (PSSC), the Chenical Bond Approach (CBA), the lle«entary 
Science Study (ISS), the Science Curriculum Improvement Study (KIS), 
and the School Science Curriculum Project (SSCP). Some of the proceaaea 
of the Proceaa Approach of the AAAS Commiaaion on Science Education alao 

exhibit a almllar affinity. 



The Michigan Science Curriculum Committee Junior High School Project (MSCO- 
JHSP) haa developed thirteen unite, including a total of 55 open-ended 
laboratory experiencea. Bach unit ia directed toward a apecific croaa- 
cutting idea. Ibe ideas are grouped under two of the baaic aaaumptiona 
of acientiata in dealing with the natural world (Van Deventer, op. cit.): 



A. Scientiata aaaume the univeraality of change: 

1. Idea of dynamic equilibrium 

а. Idea of change and variation 

3. Idea of normal curvea and warping factor a 

4. Idea of gradienta 

5. Idea of extrapolation and interpolation 

б. Idea of cyclea and cyclic change 

7. Idea of directional change in reaponae to the challenge of the 
environment 



B. Scientiata think in terms of relationahipa rather than absolutes: 

1. Idea of measurement as an expression of relationship 

2. Idea of templates or transference of pattern 

3. Idea of interdependence and interrelationship 

4. Idea of the necessary interaction of heredity and environment 

5. * Idea of differential rates of proceaaea in development 

6. Idea of tools, mach^nea, and outeide sources of energy as 
extensions of man* a body and ita capabilities 



It ia not the thought of the investigators that these thirteen ideas are 
the only ones available, or even necessarily the moat worthwhile onea. 

No attempt has been made to determine how many such ideas there are, wd 
no such atudy is contemplated. The intent of the Committee haa been to 
choose ideaa which are amenable to the objectives of the atudy, and which 
exhibit a meaningful relationahip to one another. 



Showalter (1964) describes an experimental program in unified science in 
the Ohio State University School which ia baaed on the teaching of ideas 
or concepts of the same type as thoae uaed in the preaent atudy. Schulta 
(1961) describes an experiment in which the ideas of . 

were tau^t successfully to second and sixth grade children. Atkin (1961) 
describes the teaching of some of the concepts of modern astronomy to 
elementary school children. The work of Karplus in the Science Curriculum 
Iiiq)rovement Study haa involved tfcaching some of the ideas of modern phyaics 
at the early elementary level. Jerome Bruner holds that any subject 
can be taught effectively in some intellectually honest form to any child 
at any stage of development. " The present study has proceeded on the 
assumption that relatively aophlsticated ideas of science can be taught 
at the Junior high achool level, and earlier, if: 
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Th«j can b« cowmmlcatad to students in Isngusfs that they can 
understand, and 

They can be related to experiences which are neaninfful to 
students. 

II. Using Inquiry Procedures 

All of the modern curriculum studies list as an objective the teaching 
of science as Inquiry. Open-ended laboratory is a part of inquiry but 
by no means all of it. Science is not a set of facts to be learned, 
nor even a list of problems to be solved. It is rather an attitude of 
learning through inquiring. Sometimes problem- formulating is more impor- 
tant for the process of inquiry than problem-solving. 

The literature in science education includes various uses and doflnitlons 
of the term ''inqulJ*y. ” Alfred Kovak (1964) says, "inquiry is the total 
corfkguimtion of behaviors Involved in the struggle of human beings for 
reasonable explanations of phenomena about which they are curious." 
Butherford (1964) distinguishes between "inquiry as content," and "using 
the method of scientific inquiry to learn some science," which he calls 
"inquiry as technique." He says, "if all that is intended by the inquiry 
method is that we should encourage a student to be inquisitive, curious, 
to ask questions, and to try to find answers for himself, then we are 
advocating no more than what good teachers have long believed in and 
practiced. " 

J. R. Suchmmn, in tolling about the Illinois Project in Inquiry Training 
described inquiry as the "act of creating individual knowledge by gather- 
ing and processing information." Fish and Goldmark (1966) add that 
"the process of inquiry which Suchman has structured is a process of 
formulating the.o r ies and testing them through experimenting and data 
gathering. " 

Neal (1961) in describing a study of techniques for developing scientific 
inquiry in elmantary school children, says, "The study indicated that 
children's interests* in science wore developed as a result of the direct 
approach of teaching the methods of scientific inquiry." Gagne (1963) 
although he holds that true inquiry should not be expected to take place 
until about the third year of college, after a thorough grounding in the 
processes and principles of science, defines Inquiry as "a set of acti- 
vities characterised by a problem-solving approach, in which each newly 
encountered i^enomenon becomes a challenge for thinking. 

In connection with the Biological Sciences Curriculum Study, which lists 
"Science as Inquiry" as one of the nine themes around which subject 
matter and laboratory experiences are Integrated, Schwab (1963) says, 

"liie essence of teaching science as inquiry would be to show some of the 
conclusions of science in the framework of the way they arise and are 
tested." In relation to laboratory experiences, he says, "They are not 
illustrative but investigatory. They treat problems for which the text 
does not provede the answers. They create situations in which the stu- 
dent may participate in the inquiry. " 




8traas«r (quoted by Fish «nd (Solduark, op. cit.), in pmsentinc his 
view of inquiry, seys that "the kinds of questions we use detemlne 
the kinds of operations the children will perfom. Ihe questions we 
use outline the kinds of thinking, obserY^ng^ and other behaving 
responses of the learners for which we, tnelr teachers, search." He 
suggests that we ezaaine our teaching to see if we ask students only 
questions which demand recall, or only those which call for our answers. 
Do we ask a variety of kinds of questions that stimulate a ran«e of 
behaviors which may be identified as aspects of "sclenclng* ? 

Since the laboratory experiences in the present study are open-ended, 
they in themselves Involve a kind of inquiry. Ihe investigators believe, 
however, that the heart of the inquiry process lies in the questions that 
are asked. They define inquiry as the approach to an idea by students 
and teacher throuf^ que stion s a sked of each other at various levels of 
difficulty . They believe that questions should be asked (and* permitted) 
at all levels : 

1. Those which can be answered readily from the experience and 
materials at hand, together with general knowledge. 

2. Those which can be answered, but only after considerable 
investigation and thinking. 

3. Those which cannot be answered by either students or teacher. 

4. Those which probably cannot be answered at all with our present 
state of knowledge. 

The investigators believe that much of the conventional educational 
process tends to stifle inquiry on the part of students rather than 
nurture it. Much of the natural curiosity of children during the ele- 
mentary years Is destroyed through emphasis on specific knowledge given 
in answer to questions, and consequently on the asking only of those 
questions that can be answered. This is true both of the questions which 
we ask students, and also of the questions which we allow them to ask us. 

Emphasis on the retention of knowledge as an end in Itself fosters this 
limitation. Teachers ask students questions which hopefully they can 
answer, and to which the teacher knows the answer. Questions that the 
teacher cannot answer, and which pexhaps no one can, do not generally 
lead to approval when they are asked by students. Such questions are 
viewed, at best, as being useless or leading nowhere, and at worst, as 
an attempt on the part of students to lead the teacher astray from the 
prescribed work of the course. 

Yet it is these unanswered, and sometimes unanswerable questions which 
form the heart of the inquiry process. It is at this point that the 
teacher can say, "l don't know the answer, and 1 doubt if anyone else 
does. We can look for the answer, collect evidence, and possibly make 
a Judgment as to what the answer might be, but we cannot be sure. This 
is research!" 
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III. Ivaluation of Stuc*«it«* Thinking in Rolation to Idoas 

Stoith (1963) » in reviawiogoduOational rosomrch rolated to seionce instruc- 
tion for tba «l«Mntary and Junior high schools, noted the relative 
scarcity of evaluation studies at these levels, and indicated that inade- 
quate research in the area of evaluation constitutes.a major problem 
in elementary and Junior high school science at the present time* This 
lack is particularly apparent in connection with the modem curriculum 
study pmjects. 

Hurd and Howe (1964), reviewing recent research in science teaching in 
the secondary school, reported several studies showing that, insofar 
as the courses based on the modem curriculum studies are directed to- 
ward goals different from those of conventional courses, student achieve- 
ment in them can be measured adequately only by using instnmients designed 
specifically for them. Cooley and Klopfer (1963) pointed out the neces- 
sity of including the selection or development of testing instruments 
for measuring the specific objectives of new approaches in any research 
on the results obtained from using these appudsches. Trump (1964) said 
that the use of conventional standardised tests and teacher-made tests 
often fails to differentiate meaningfully between new and conventional 
educational procedures. 

Atkin (1963) discussed some of the problems of evaluation which arise 
in connection with the development of new curriculum materials. He 
stated that new approaches to learning, and the materials and activities 
appropriate for teaching them, must first be identified, thm tried out 
in classroom situations. Informal evaluation of the new approaches and 
materials must be carried on continually by those using then, in terms 
of the behavior of students in relation to thorn. Only when this has 
been done can adequate evaluation instruments be constructed and used 
effectively. These instruments may well need to be based on new and 
broader concepts of evaluation than those which generally have been 
utilised in classical educational research. 

In the present study, the investigators have followed the procedure that 
Atkin outlined. Materials have been developed whicdi it is believed will 
contribute to the objectives of the project. These have been tried out 
in the classroom. On the basis of the results which have been obtained, 
a theory of evaluation has been tentatively put forward, and preliminary 
testing instruments have been constructed and tried. 

Gooley and Klopfer (op. cit.) make the following statement: "in r;onstruc- 

ing a new test, the specification of the student outcomes to be measured 
is by far the most difficult task. This is especially true if the desired 
outcomes are other than the recall or application of subject matter con- 
tent. However, if the innovation work is properly conducted, the develop- 
ment of new instruments is not so difficult as it mi|^t seem. The original 
statements of desired student behaviors can be used as the basis for 
writing test items also." 

The investigators are not concerned at this point with measuring the 
acquisition or retention of factual knowledge, although they recognize 
its importance, and there are Informal indications that learning in 
this area is considerable. They are concerned with finding a way to 
determine the extent and quality of the students* thinking in relation 
to the cross-cutting ideas toward which the laboratory experiences are 
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Tha taachar nuat now ba cartaln that ha undaratanda tha idaa hinaalf. 
lach of tha Idaaa la axplainad in an axtandad atatanant callad an "idaa** 
Brldga." Thla la adavlca for coaeamlcatlng to tha taachar tha naanlng 
of tha idaa which tha Invaatlgatora intandad. Whan tha taachar haa 
mada tha idaa a part of hla own thinking, ha nuat connunlcata it to tha 
atudanta in languaga that thay can undaratand. 

Tha laboratory axparlancaa ara than workad out by tha atudanta, with tha 
taachar holding tha idaa bafora than whlla thla la balng dona. During 
thla tlna, inquiry la taking placa in tha fom of quaatlona at all levala, 
aakad of aach othar by atudanta and taachar. 

Whan claaa conaldaration of tha idaa, and laboratory cxparianca with it, 
ara conplatad, aach atudant la aakad to write down a linltad nunbar of 
quaatlona (uaually thraa to alx), which, in hla Judgnant, ara ralatad to 
tha idaa, and baaad on the laboratory axparlancaa* Fron tha atudanta* 
written quaatlona, tha taachar than praparaa two llata: (1) thoaa quaa- 

tlona which in hla Judgnant apply to tha idaa or point toward it, and 
(2) thoaa which do not do ao. 

IWanty-fiva to thirty quaatlona ara choaan fron aach Hat. All of theaa 
ara valid quaatlona, but thay are aa clearly diffarantiatad aa poaalbla 
on tha baala of their ralatlonahip or lack of ralatlonahlp to tha idea. 
Thaaa fifty to alxty quaatlona ara than acranbled into an objective teat, 
offering the atudent two choices: the queatlon doea or doea not point 

toward the idea. A brief, but clear atatenent of the idea ia placed at 
the beginning of tha teat, and atudanta are aakad to refer to thla, and 
evaluate each queatlon in tema of it. 

It ahould be noted that thla ia not a "true-falae" teat. Quaatlona of 
both typea are equally valid M queationa , though it la not neceaaary 
that they be anawerable. So toe of them will be anawerable and aone nay 
well not be. The diatlnctlon which the atudenta are aakad to nake la 
nade aol'Cly on the baala of whether or not the queationa apply to or 
point toward the idea. 

Teata of thla type do not conatitute an attempt to evaluate the method of 
teaching in which they are uaed, as compared to the conventional method 
or any other method. They are designed to evaluate only student think- 
ing in relation to ideas. Their use in no way precludes the use of addi- 
tional teats designed to evaluate extent of factual learning, ability 
to selve problems, or any other objective. 



It Is anticipated that later tests will be so constructed that the 
student will be asked to nake a further choice of answers to indicate 
why he considers that a particular question is or is not related to 
the idea. Still other possibilities of giving added dimensions to the 
tests, with further probing of student thinking, may well become apparent 
as the study progresses. 

The investigators plan also to look for possible correlations of the 
results of these tests: (1) with one another, to see if student behavior 

with relation to a series of tests of the same type is consistent; (2) 
with standard intelligence tests, to see if what we are measuring is 
related to general ability; and (3) with testa for subject matter reten- 
tion, problem solving ability, interest in science, and any other measur- 
able characteristics ooncemed with science. 



IV. Use of the Materials 

The investigators do not consider that they have, at the present time, 
a package course in Junior high school general science. They do not 
have any intention of developing their work in this direction. They 
have. Instead, what they believe to be a new way of teaching science at 
the general level. They believe that this can be used, in whole or in 
part, with any curriculum plan, so long as the subject matter included 
in the plan can be matched up with one or more of the ideas included 
in the project materials. The ideas and their related laboratory exper- 
iences are being used in this way in the schools where they are being 
tried. Teachers who are using them report favorably on the degree of 
freedom which this kind of use makes possible. They find this especially 
true in comparison with the "package" courses offered by many other 
curriculum studies. 

Although some of the materials of the project have been used successfully 
in sixth grade, and some in eighth, they have been used most extensively 
and most successfully in seventh grade, the level for which they have 
been primarily designed. All of the outlines for the laboratory exper- 
iences have been edited for reading level by an experienced seventh grade 
teacher, who has been one of the investigators from the beginning of 
the project. The Idea-Bridges have not been so edited, since they are 
written for the teacher, whose job it is to present the idea to the 
students in language that they can understand. Other materials of the 
project: Criteria for Writing or Evaluating Laboratory Experiences . 

Suggested Procedure for Teachers Wishing to Use MSCC-JHSP Materials , and 
Directing Inquiry Toward Cross-Cutting Ideas in Science Through Simple , 
Ended Laboratory Experiences , are also directed toward the teacher. 
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Criteria for Writing Laboratory Expariencei 



A. Ideally laboratory expert eocea should; 

1. be open-ended. Students should not be able to find answers 
by reading only, although the information so found should be 
helpful, and may well suggest possible answers. More than 
one correct or acceptable answer may well be possible. 

2. look toward a specific idea or understanding. This idea should 
be either clearly stated or readily apparent. Unless laboratory 
experiences can be so directed, they are probably a waste of time. 

3. give as few directions as possible except for necessary 
procedural ones. As far as possible, the information 
necessary for the experience should be derived from the 
experience Itself. Only in this way can the "research 
approach" be made real to the student. 

4. mainly ask questions, including; 

a. some which can be answered readily from the experiences 
at hand, together with general knowledge. 

b. some which can be answered only after considerable 
investigation and thinking. 

o. some which cannot be answered with certainty by either 
student or teacher. 

d. some which probably cannot be answered by anyone with our 
present state of knowledge, but which will show the student 
the frontier of the advance of science. 

Answers are generally less Important than the process by which 
the student arrives at them. The student should be accorded the privilege 
of arriving at a wrong answer while seeking for a right one. Mistaken 
conclusions are more easily corrected than faulty methods, and when a 
student is told the right answer or is able to look it up in a textbook, 
the entire purpose of laboratory work as a problem formulating and problem 
solving operation has been byp-nsed. 

.. • 

B. To be effective, laboratory experiences must be: 

1. within the capabilities of the teacher 

2. within the capabilities of the students, and 

3. within the limits of possible accompllshoent, given the 
laboratory or field situation. 

They should utilize as simple, easily obtainable and inexpensive 
equipment as possible. There is no virtue in the use of elaborate 
equipment as an end in Itself. If a simple laboratory experience will 
lead to a significant idea as readily as a complex one, the simpler 
one should be used. All laboratory experiences should be tested for 
value against the ideas which they will produce. 



Laboratory procedure should always involve the recording and 
Interpretation of datay which y so far as possible y should be based 
on weii^ingy measuringy countingy or other type of quantitative 
determination. Mathematical treatment y however y should be kept as 
simple as possible. Simple percentages and graphs often tell a more 
effective story than expressions of complect mathematical relation- 
ships, Mathematical treatmenty like elaborate equipmenty involves 
the possibility of becoming an end to be pursued for its own sake 
rather than a means to an end. 




Th« Material Includod in the Michigan Science Curriculum Committee 
Junior High School Project (MSCC-JHSP) consists of fifty-five open- 
ended laboratory experiences , each of which is directed toward one or 
more of thirteen interdisciplinary ideas . These ideas are grouped under 
two of the basic assumptions which scientists make in dealing with the 
natural world*: 

Basic Assumption A: Scientists expect nature to be dynamic rather 

than static, and to show variation and change. 

Basic Assumption B: Scientists think of the world, .and of the 

phenomena in it, as consisting of sets of relationships rather 
than absolutes. 



*Van Deventer, W. C. , "The Teaching of Basic Premises as an Approach to 
Science in General Education." I^ience Education 39:389-398, December 
1955. 



A. Scientists assume the universality of change : 

1. Idea of dynamic equilibrium 

2. Idea of change and variation 

3. Idea of normal curves and warping factors 

4. Idea of gradients 

5. Idea of extrapolation and Interpolation 

6. Idea of cycles and cyclic change 

7. Idea of directional change in response to 
the challenge of the environment 
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Idea of %namic Kqullibriim 

1. Idea-Bridge: "Tbinking About Dynamic Equilibrium— Hothing Rmally 

Stand* Still” 

2. Laboratory Ex{>eriences : 

a. "internal Equilibrium: Maintenance of Weight in Humans” 

b. "Equilibrium in the Landscape: Erosion, Drainage Patterns, 

and Valley Formation” 

c. "Chemical Indicators: A Simple Case of Equilibrium” 

d. ’’Measurement as an Expression of Relationship: A Simple Balance" 

e. "a Study of Interrelationships: The Balanced Aquarium and the 

Pond Infusion Culture" 

f. "Theories of the Origin of the Universe: Two Approaches to 

Dynamic Equilibrium" 






Thinking. About hynamic Bauilibrimm Nothing Rnally Standa Still 



When we think of equilibrium we usually think of a balance, in which the 
forces or processes that are operating against one another are exactly 
equA^f that no change occurs. There are many examples of such situa- 
tions, but they are generally the result of a series of adjustments, of 
"coming to balance". Host of them do not remain constant for very long 
at a time. None of them are permanent, not even those that appear to 
remain unchanged for periods. 

We live in a world of unending change. The factors of the environment 
that surround any condition of temporary balance are usually so inconstant 
that the state of balance, insofar as it is ever reached at all, is con- 
tinually being disturbed. There is a constant state of coming to 
balance". This is what we mean by "dynamic equilibrium". 

There are many common examples of dynamic equilibrium: 1. ) a laboratory 

balance where the indicator has finally come to rest at the zero point, 
then is disturbed by every passing vibration and has to come to rest 
again; 2. ) a climax forest developing on an abandoned field after long years 
of growth and ecological succession, then vurying around a state of 
equilibrium with the changing conditions of the seasons, of wet and dry 
summers, of mild and cold winters, and other environmental fluctuations; 

3. ) a living organism maintaining a state of internal equilibrium 
(homeostasis) as a result of the interacting 

forces of build-up (anabolism) and breakdown (catabolism) in the 
internal environment; 4.) the features of the earth !s surface and the 
bodies in the universe where processes of adjustment and the conditions 
resulting from their operation take place more slowly and are longer 
lasting. On a short term or a long term basis, all of the natural 
world exhibits equilibrium which is dynamic rather than static. 

How many other examples of dynamic equilibrium can you think of? 

Students should read about processes in the natural world (living and 
physical) and find as many examples as possible. 



Inf rn>l Iquillbrimi; Mainf nanc« of W«ight in Hunani 



Introduction : 

Modorn p«opl« ar« v«ry coniclous of wolght. Tfals Is trus sspsclally of 
adults, but chlldran also nay bs ovsnrsii^t or undsrwsigbt. Wslght Is 
a factor not only of hsalth but also of psrsonal appsarancs. A condition 
of ovsrwsii^t or undsrwsifj^t nay bs sithsr an indication or a causs of 
ill hsalth. 

IVhat is callsd "nornal weight" is really average weight for persons of a 
particular age, height, and sex. If enough persons belonging to a par- 
ticular age-helght-sex group were measured, and the nsasurenents were 
plotted in the forn of a frequency distribution on a graph, the result 
would be a nornal curve. Ihs node of this curve, which would also be the 
mean of the sanple, would be the nornal weight. Some deviation Is allowed 
forming a range of nornalcy on either side of the mean. 

Growing children, of course, are slowly Increasing in weight throughout 
their period of development, although the rate of Increase is not constant 
Throughout nature adulthood, while there are slow changes with increasing 
age, a balance Is normally maintained. With the onset of old age, these 
changes may become sonewhat nore extensive. In periods of 111 health, 
rapid changes in weli^t, either loss or gain, may Indicate serious inter- 
nal maladjustment or illness. 

We may think of the period of growth In early life as being the time 
during which the building-up processes (anabolism) operate in excess of 
the tearing-down processes (catabolism). During healthy adulthood, the 
anabolic and catabolic processes are essentially In equilibrium, and a 
balance (homeostasis) is maintained. In old age, the catabolic processes 
generally outweigh the anabolic processes. This may or may not be 
reflected in body weight. 

When people diet to lose weight, they reduce their Intake of energy- 
producing foods (carbohydrates and fats) and their total food Intake 
below the amount necessary to maintain the body. Some of the body's 
stored fat (representing weight that has accumulated) is then oxidized 
to make up the difference. Thus weight is lost, until ultimately it 
is allowed to stabilize at the desired level. It is then maintained 
at this level through carefully controlling food Intake at the point 
of maintenance. 

Materials and Equipment : 

Bathroom scales 



Graph paper 
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Procedure: 



1 Record the weight of ono or »or« adults, and on* or nor* childr*n, 
tak*n at th* same time each day, over a period of at least three 
months. Plot the dally weight on sheets of graph paper which can be 
fmitened together end-to-end to make a continuous story. 



a. Try to find an adult who is attempting to lose weight by dieting, and 
record this person's daily weight for the same period, and in the same 

way. 



3, If a number of individuals or teams in the class are carrying on ttis 
laboratory experience at the same time, pool the r**^^** Z 

them. Get as many weii^it records of adults and children, dieters 
and non-dieters, as possible. Compare them. 



4. 



TO what extent is homeostasis maintained? In adults? In children? 
In men? In women? In boys? In girls? In dieters? In non-dieters 
To what extent does fluctuation occur? Are the dieters able to lose 
weight consistently? To what extent? Is there any evidence of pro- 
gressive slow increase in weight in the children? If so, to what 
extent is the rate of increase constant? 



5 To what extent is there evidence in your study of equilibrium 

anabolic and catabolic processes? What are the anabolic and catabolic 
mrocesses that are involved? Does heavier eating on holidays and 
weekends make a difference? Does this difference appear in the records 
of all individuals or only in some? Why? Are any rhythms 
Are they similar or comparable in all individuals? Why or why not? 



Further Considerations : 

Find out all you can about current trends in the sales of diet foods, 
non-caloric sweeteners, calorie-free soft drinks, animal and vegetable 
fats (butter and margarine, lard and cooking oils). How are ^®*® 
related to current popular fears of the relationship of overweight to 
heart disease and other health dangers? 

Weight is one indicator of homeostasis or equilibrium of body functions. 
Can you think of others? 



Iquilibriua In thn Landncapn ; Iroiion , Drainnct Patterns 

andi Valiay Fomation 



Introduction s 

Through the operkxtion of unhollavably slow processes in geological time, 
layers of sedinent that have been deposited in shallow seas are raised 
up to fora new ar>untains. At what rate does this take place? Then 
through correspondingly slow processes, these aoTmtains are worn down to 
a level or peneplain. How can you tell now mountains from old ones? 

What are some examples of each in our present-day world? 

Although these geological processes proceed very slowly, such that only 
their long-term effects can be observed at any one period of the earth’s 
history, it is possible to observe small-scale, man-made models of the 
process of gradation going on around us all the time. Everyone has 
observed eroded fields and roadsides. Small, temporary streams behave 
exactly like larger creeks and rivers, and the valleys that are cut by 

such small, temporary streams go through the same developmental stages 
as larger valleys. 

We can learn a great deal about the history of the landscape by observing 
an eroded field or a pile of dirt after a heavy rain. 

Materials and Equipment ; 

Piles of dirt, usually observable around construction projects, 
at various stages of age and erosion* 

Eroded areas along a newly constructed highway and/or in a field* 

A relief model or map of North America* 

Travel through the country with an observant eye* 

Procedure; 

1. Observe a freshly-made pile of dirt at a construction project immediately 
after a heavy rain. Note the stream channels down its sides. What is 
the shape of the channels in cross-section? Why? Note the sediment 
that has been deposited on the surface of the ground at the mouth of 
each stream channel. What is the shape of the deposit? Why Is it 
called an alluvial fan? What is the character of the particles of 

dirt that make up the deposit? Compare them with the original pile 
from which they came. Are there any differences? What are these 

differences? Why? Does the kind of soil make any difference? What 
and why? 

2. Observe the same or a similar pile of dirt after it has been eroded 
by many rains. Compare the extent, shape, and general appearance of 
the stream channels in this pile with those made by a heavy rain in 
freshly-piled dirt* What differences do you see? Why? Make a 
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similar comparison of the deposits at ths mouths of the stream channels 
on its sides. What differences are there? Why? 

3. If possible, observe the effects of erosion on a- very old pile of dirt. 
Make the same comparisons as before. 

4. Observe the results of erosion along the right-of-way of a freshly- 
constructed highway, and/or on a hillside in a field. Compare what you 
see there with what you observed on the piles of dirt. Make comparisons 
similar to those which you have made before. Can you determine the age 
of the erosion in a field or a road cut by a study of the stream 
channels and alluvial fans? Is there any evidence in the case of the 
field that some of the erosion is more recent, and some older? What 

is the evidence? 

5. Study a relief model or a relief map of North America. What do you see 
that can be related to what you observed on the dirt piles, along the 
highway, or in the field? What would you say about the age of the 
ranges of mountains on the map? Why? 

6. What is the history of a stream valley as it grows older? How can you 

tell the relative age of a valley? Have you ever observed young valleys 

as you traveled through the country? Where? Old valleys? Where? 

What is a peneplain? Are there any peneplains in North America? If so, 
where? How do we know that they are peneplains? How old are they, < 
geologically? What is the relationship of a peneplain to the 
attainment of equilibrium on the earth's surface? 

7. What can you say about the attainment of equilibrium in the case of a 

dirt pile? Of a road cut, or an abandoned field? What would 

correspond to a peneplain in the case of a dirt pile? Try to find a dirt 
pile that is approaching this point. Is equilibrium ever really 
reached in the case of a dirt pile? A road cut? A field? A mountain 
range? Why or why not? Is there such a thing as a landscape in 

a state of equilibrium. 

Fruther Cons ider ations ! 

Contrast man-made erosion with geological erosion. How are they the same 
or similar? How are they different? Man can destroy a field or area 
through the erosion which results from his activities. How long does this 
take, relative to the time required for geological erosion to occur? Such 
an eroded field or area is restored to something approximating its original 
condition throu^ the natural processes of ecological succession. What is 
this process? How long does this take? Can man also take measures to 
restore the field or area? How? How long does this take relative to the 
time required for the natural process? 

How is soil formed under natural conditions? Study the soil layers in a 
road cut or on the side of a freshly dug ditch. Identify the A-layer, 

B- layer and C- layer. You can find these if the surface has not been 
disturbed pervious ly. What are they? How are they related to one another? 
How are they related to the distribution of soil nutrients? How are they 
related to soil destruction through erosion, and to soil restoration? 



VVhftt «r« "oxbows” and "oxbow laKos" In terms of the age and history of 
streams? How are they formed? In what kind of landschpe would you look 
for them? Why? What are "canyons” in terms of the age and history of 
streams? How are they formed? In what kind of Ismdscape would you look 
for them? Why? 

How are mountains mr^de? How long does it take? What constitutes the 
geological cycle of erosion? 



Chemical Indicators ; A Simple Case of Equilibrium 
Introduction : 

Chemists recognize two large classes of compounds called acids and bases. 

These are soluble in water, and a particular solution may be acidic or 
alkaline (basic). When an acid and a base are allowed to react chemically, 
the result is a compound belonging to a third class, called a salt and 
water. Common table salt is one kind of salt. It can be formed by allowing 
sodium hydroxide, (NaOH), a base, to react with hydrochloric acid (HCl): 

NaOH + HCl > NaCl (common salt) + HOH (or H„0) (water) 

There are many kinds of acids, bases, and salts. A common household acid is 
vinegar, and a common household base is ammonia. 

Some pigments, when in water solution, are very sensitive to acids and bases, 
and react to them by changes of color. One of these is the purplish or bluish 
pigment found in "red" cabbage. It turns pink or red when an acid is added, 
and blue or green when a base is added. 

Since the materials and equipment necessary for experimenting with this plgr 
ment are easily obtainable, you can learn something about acids and bases 
by working with it in the laboratory. 

Materials and Equipment ; 

"Red" Cabbage 
Household ammonia 
Vinegar 

A small, smooth board 

A Gem razor blade 

Four small fruit Juice glasses 

A shot glass, or other small clear glass container 
A small tea strainer 

A small pan, and a source of heat for heating water 
A teaspoon measure 
Two medicine droppers 

Procedure : 

1. Remove two or three leaves from the outside of a head, of red cabbage. 

Select the thinnest portions of the leaves, and cut them up as finely as 
possible by placing them on a board and cutting them into little bits 
with a razor blade. If you can mash them or macerate them, this is better. 

2. Place the cut-up material in one of the fruit Juice glasses. Heat a small 
quantity of water to boiling, and carefully pour enough water over the 
cabbage material to cover it. The less water you use the better. Let 
the mixture Sitanid for a few minutes, stirring it frequently. What 
happens? Allow all of the purple (or blue) pigment to go into solution 

in the water that will do so. (Note ; The pigment can be extracted with 
cold water but more of it will go into solution if the water is hot.) 

3. Pour the colored solution into a second fruit Juice glass. Pour it thzough 
a pmall tea strainer to hold back the solid cabbage material. 

4. Pour a small quantity of ammonia into a third fruit Juice glass, and a 
small quantity of vinegar into a fourth glass. 
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5. Put two teaspoonfuls of the colored solution into a shot glass or* other 
small clear glass container. With a medicine dropper add vinegar, drop 
by drop to the solution. What happens? Stir the solution as you add 
the acid. When there is no further color change, add ammonia, drop by 
drop, using the second medicine dropper. What happens? Why the second 
medicine dropper? Again, stir as you add, until there is no further 
color change. 

6. Is it possible, now, to reverse the color change by adding acid? Try 

it and see. If you succeed in reversing it, add ammonia and try to change 
it back the other way. iJoes it change again? How many times can you 
change the. color back and forth? If you dome ultimately to a point where 
a reversal is no longer possible, why do you think this has occurred? 

7. Now replicate the experiment, beginning with a new sample of colored 
cabbage pigment solution. Are the results the same as before? 

8. Explain what you have observed in terms of equilibrium . What do you 
think was the original condition of the colored pigment solution? Neutral? 
Acid? Alkaline? Why? 

Further Experimentation ; 

For this, you will need some additional equipment and materials: 

A test tube rack 
9 small test tubes 
A tablespoon measure 
Litmus paper 
A third medicine dropper 

Put a tablespoonful of water in each of nine test tubes in a test tube rack.. 

Beginning at the left, add vinegar with a medicine dropper to the first four 

tubes as follows: (use the same dropper that you used with the vinegar before) 



Do not add anything to the water in the test tube No. 5. Continuing, then, 
from left to right, add ammonia to the remaining four tubes as follows: 

(Use the same dropper that you used with the ammonia before> 



Now you have a gradient of dilutions ranging from left to right from very 
acid, through neutral, to very alkaline. 

Litmus paper contains a pigment which, like that in the red cabbage, changes 
color, becoming red with acid, blue with alkaline. Test your gradient of 
acidity and alkalinity with litmus paper. Note color changes. Are they 
reversible in the case of the paper? 

Using a third medicine dropper, add a few drops of the cabbage pigment solution 
t o e ach of the test tube dilutions. Note all color changes, both kind 
and degree. Do you obtain a gradient of colors? Why? 

What would you say as to the relative sensitivity of litmusAyour cabbage pig- 
ment solution? Are both equally sensitive? A number of pigments change color 
similarly with acidity and alkalinity. Such pigments are called indicators. 
What practical use do they have. What is meant by pH? 



No. 1 20 drops 

No. 2 15 drops 



No. 3 10 drops 

No. 4 5 drops 



No. 6 5 drops 

No. 7 10 drops 



No. 8 15 drops 

No. 9 20 drops 



Me> 9 urement is tn Expregsion of Repationship ; 

A Simple Balance ‘ 



Introduction : 

We are so accustomed to using units of measurme»“.t j inches, feet, yards, 
pounds, (|uarts, gallons, or millimeters, centimeters, meters, grams, 
kilograms and liters, that we tend to think of those units as things that 
have an existence of their own. They are a part of our thinking, ®®„ 

words for i^ysical objects are. We also tend to think of them as tools, 
p8 a means to the end of quantitative expression. They certainly fulfil 
this function, but they are actually more than this. They are expressions 
of relationship between two quantities, one of which is stated in stand- 
ardized terms. This is the idea of measurement which underlies the making 
and use of measurements . 

Actually units of measurement are man-made, with an arbitrarily set value. 

A foot was the length of the foot of an English king. A yard was the length 
of the arm of another king. The British and American gallons are not the 
same. The height of horses was formerly measured in units called hands . 

An old English unit of weight was called a "stone. " 

The metric system was worked out logically at the time of the French 
Revolution. The meter was set as one ten-millionth part of the distance 
from the equator to the north pole of the earth.* All other quantitative 
measurements were based on it, worked out in multiples of ten. The only 
reason that we use "tens," however, is that we have ten fingers. The 
Ancient Babylonians used "twelves," and the Mayas twenties (ten fingers 
and ten toes. ) Modern electronic calculators use a numbering system based 
on "twos", since only two alternatives are possible in any particular case. 

It is possible to set up a system of measurement of your own. To do so will 
help you to think of measurement as a standardized but artificially- 
based expression of a set of relationships. When you have done this you 
can translate your system into standard units. 

Materials and Equipment ; 

Yardstick (new, clean, and as free of knots or grain as possible) 

Triangular file 

Frozen fruit Juice cans, with tops removed 

Soft wire 

BB shot 

Pennies 

String 

Set of gram weights 

Support for suspension of balance 



♦Because of difficulties in getting an accurate measurement of this 
geographic distance, the metric system is now based by international 
agreement on the length of the waves of light produced by a particular 
type of atom of the gas krypton, when those atoms are heated. 
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Proc»dw : 

1. Using ths fils, msks a notch across ths top of ths yardstick at 
its sxact Midpoint. Ths notch should bs dssp snough to hold ths stting. 

Using a pises of string about six inchss long, tis it around ths stick with 
ths knot lying in ths notch, leaving ths two ends of svsn length. Tie ths 
suds of ths string together, and hang ths stick fron ths support, Doss it 
balance, or is one end higher than ths other? 

2. With ths fils, naks shallow notches across ths top of ths stick 
at each quarter-inch mark, frojs ths midpoint to ths end of each side. Be 
careful to naks ths notches straight across ths top of ths stick, as uniforsi 
in depth as possible, and each one exactly on ths quarter- inch nark. 

Suspend ths stick again. Is it as well balanced as before? If it isn t, 
what do you think has happened? 

3. Punch a snail hols on each side of two fruit Juice cans. Just 
beneath ths rin at ths top of ths can. Cut two pieces of wire of equal 
length. Pass a piece of wire through ths holes in each can, Tis ths ends 
together in such a way that ths can nay bs suspended fron ths stick, and 
novsd along fron one notch to another. 

4. Suspend the cans fron the last notch at each end of the stick. 

Do they balance? Reverse then. Do they work as well, regardless of the 
end fron which they are suspended? Either the stick or the cans or both 
nay not be completely balanced. Select one can for the right side and one 
for the left side, and nark then, so that you can use then this way fron this 
point on. Add BBs to the can on the side that hangs highest, to bring it 
into balance. Write down the number of BBs used, and leave then in the can, 
Ibey constitute the necessary correction factor at this point, 

5. Add 50 BBs to each can. Are they still in balance? Is the 
correction factor still valid? If not, can you suggest a reason why? Test 
your hypothesis, if you can think of a way of doing so. In any case, adjust 
your correction factor, if necessary, by adding or subtracting one or more 
BBs, and proceed. Be sure to keep a record of what you have done. 

. 6. Move both of the cans containing the BBs toward the center, one 

quarter- inch at a time. Bring them as close together as you are able without 
the cans touching. Are additional corrections necessary as you proceed? 

Add or subtract BBs as necessary, keeping a record of the number of' BBs 
and the points where any changes are made. If adjustments are necessary, 
can you suggest a reason why? Test your hypothesis if you can devise a 
way of doing so. 

7. Remove all BBs from the cans, and balance the cans at a point 
three inches (12 quarter nnches) from the mid-point. Add BBs to serve as 
a correction factor to the extent necessary. Is the correction factor at 
this point, using the empty cans, what you would have predicted it to be? 

If not, can you suggest a reason shy? Test your hypothesis if you can. 
in any case, proceed, using the necessary correction factor. 
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Plitco a pasiny ia tha laft^haod can* Add BBa to tha right-hand 
can to’balanca tha panny. How many BBa doaa it raquira? Add a aacond 
panny on tha Xaft-hand aida, and »OYa tha right-hand can out fro« tha 
cantar ona quartar-inch. Add BBa aa nacaaaary to achiara a balanca. 

Racord tha data, Continua to add panniaa ona at a ti»a, noving tha 
right hand can out fro» tha cantar ona quartar-inch with tha addition 
of aach panny, and adding BBa aach ti»a aa nacaaaary to achiawa a balanca, 
Continua to racord tha data. 

9, You ara now wali^ing tha panniaa, ualng "quartar-inchaa and 
**fractlona of quartar-inchaa” aa walght unlta, Yha ^f arctiona ara 
axpraaaad in tarna of BBa, Thua a panny nay wai|^ '•'ona quartar-inch 
and two BBa,” la tha walght of aach additional panny tha aana, aa you 
Mowa fron naar tha cantar toward tha right and of tha a tick? If thara 
ara dlffarancaa, ara thay conaiatant aa you nova along? la thara a 
trand? Datamina tha avaraga. Try to account for what you find, Taat 
your hypothaaia if you can think of a way to do ao. Try baginning 

f arthar fron tha cantar. Do tha agaa and ralativa waar of tha panniaa 
naka any dlffaranca? Think of othar idaaa to taat. 

10, How datamina tha valua of a "quartar-inch” in tama of BBa, 
Start with anpty cana at tha twalfth notch (thraa inchaa) fron tha cantar 
on aach aida, Balanca tha cana again, uaing whatavar corraction factor 
ia nacaaaary. Put 50 BBa in aach can to atart, Mova tha ri|^t-hand 

can out ona quartar-inch at a tlna, and add BBa to tha laft-hand can aa 
nacaaaary to nalntain a balanca, Racord tha nunbar of BBa addad to 
balanca aach additional quartar-inch tha right-hand can la movd, 
la tha nunbar tha aana aach tina? la thara a trand? Datamina tha 
avaraga. Ara your raaulta conaiatant with thoaa that you obtainad 
with tha panniaa? If not, auggaat a poaalbla axplanation, Taat your 
hypothaaia if you can davlaa a way of doing ao. It night ba a good 
Idaa at thia point to raplloata tha antira axparianca, ualng naw 
natarlala throughout, to aaa if tha raaulta ara tha aana or conparabla. 



Furthar Conaidarationa ; 

Both aqual am and unaqual arn balancaa can ba uaad to walgh quantltlaa. 
Ordinary laboratory balancaa ara aqual am balancaa. Unaqual am balancaa 
wara fomarly in uaa on fama and alaawhara for wal|^ing aacka of grain, 
and othar quantitiaa, Thay wara called "ataalyarda, ' 

What would you aay aa to tha nargln of error in your balanca. Work out 
tha aquivalanca of tha quartar-inch unit on your balanca in grama. 

Nunbar tha notchaa on aach and of tha atick. Start with tha flrat 
notch at aach aida of tha center notch aa ”l”, and nunbar toward each 
and, Walgh varioua objacta with your balanca, (hack tha accuracy of 
tha figuraa obtainad by weighing tha aana objacta on a laboratory balanca, 
Ixplain tha operation of your balanca in tama of a lavar. 

How doaa a aprlng type aoala work? Which do you think would ba more 
likely to develop inaccuraclaa , a aprlng type acala or a balance type? 

Why? 
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yhut are tha ralatloashlpa batwaaa wtifht, and daaalty? Wh«t la 

»aant by apacific cravlty? What standard is usad for axpraasing it? 
Hoa is it possibla to calculata tha wal^t of tha aarth? On what 
basis it tha statanant nada that tha »oon has a Xowar danslty than tha 
aarth? What datamlnas tha foroa of gravity? Why would a nan walgh 
lass on tha noon's surfaoa than on tha aarth? What about Mars? 



ERIC 



A Study of IntTrtlatlonihlpi: Th» B>l»nc»d Aquariuii 

and tha l^nd Inf ui Ion Cultura 



Introduction ; 

Tha Idaml way to study plant-anlnal coanunltlas is to fo on a 
flald trip to saa than. It Is not always posslbla, howavar, to do 
this. Tl«a, dlstanca and facllltlas nay not pamlt It. Tha following 
aat of axparlancas way tharafora ba usad as a substltuta. Thay «ay 
also ba usad to supplanant a flald trip to a pond or laka. 

A balancad squarlua Is a nlnlatura pond In tha laboratory. Tha 
succasslon of forms of microscopic Ufa In a pond infusion cultura 
laads ultimataly to a small balancad community which Is comparabla 
to s balancad aquarium. A study of a balancad aquarium and a pond 
Infusion succasslon will halp to davalop an undarstandlng of tha 
Intarralatlonshlps Involvad In tha Isrgar communltlas of living 
nstura: ponds t Ishas and forasts, and tha procassas of succasslon 

through which thasa pass In davaloplng a ralatlvaly stabla (dynamically 
balancad) condition. 

In sattlng up thasa axparlancas, you can procaad on your own, 
but you must ba careful. Slip-shod procaduras , or failure to follow 
directions may result In failure of tha aquarium to coma to balance, 
or failure of tha Infusion cultura to go through a normal succasslon. 
Ixact results In any case are Impossible to predict. Tha development 
of tha cultura, howavar, should follow a predictable general pattern. 
Failure of tha cultura to do so, or variations from tha pattern, will 
furnish Interesting opportunities to suggest hypotheses as to possible 
causes, and may constitute the basis for further experimentation. 

Balancad aquaria may ba set up on an Individual basis. Infusion 
cultures lend themselves to group activity, but at least six different 
cultures should be sat up by teaaui of students In the class In order 
to make possible a study of variations In their behavior. 

Materials and Equipment ; 

Gallon and quart size glass Jars 
Compound microscopes 
Medicine droppers 
Slides and cover slips 

References for Identification of aquatic organisms 
Procedure ; 



Constructing a Balanced Aquarium 

Obtain a Jar or other clean glass container of at least one-gallon 
capacity, which has an opening large enough that you can get your hand 
Into It. 
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G«t lOM* river or leke ehore land ai free of dirt and debrii ai 
poiiible. Waih it thoroughly through leveral changea of water. Place 
■and in the botton of the container to a depth of two inchei. Fill 
the container with water to a level luch that ehen you put your hand to 
the bottoM the water will not overflow. Allow the land to lettle 
until the water beconei reaionabiy clear. 

Put a nunber of aquatic plant! into the aquariun. Collect then 
from a pond or a quiet pool in a itre%i or purchaie then at an aquariun 
or pet itore. You nay uie nore than one kind of plant, lone floating 
(duckweed) , lone rooted in the land with the nain plant body lubnerged 
in water (eel graii or elodea) , and lone rooted but having floating 
leave! . Why would it be unwiie to get plant! fron an actively flowing 
itrean? What advantage night there be in obtaining your plant! fron 
an aquariun itore? Why? Watch lise relatione. Do not put large 
plant! into a mall container. 

Put a few aquatic aninali into the aquariun. Why "a few"? 

Snail! are the beat aninali for thii lime container. Larger aninali 
would be difficult to lupport in lo mall an aquariun. Why? Moit 
mail! are herbivore! (plant eaten) and are nore likely to find an 
adequate food lupply here . Do not Include tadpole! , becauie them , 
ai adult frog!, live outilde of water. Do not include aquatic iniecti 
or fiih. Many of then are carnivore! (aninal eaten) and probably 
would not have enough food and exygen for very long. To lupport 
carnivore! , a balanced aquariun would have to be nuch larger and con- 
tain nany nore plant! and mall herbivore! . How nuch larger do you 
think it would have to be? Why? If you have been lucceiiful in 
building your aquariun, it will becone balanced at the "mall level * 

Cover the Jar with it! own lid or glam cover, or with Sarm 
wrap, to nlninize water lorn through evaporation. Allow your aquariun 
to itand for at leait two week!. If, at the end of two week!, the 
water ii clear, if it melli "freih," and if the plant! appear healthy 
and the mlnali are alive, the aquariun ii approxlnating a balance. 

The longer it continue! in thii condition, the nore probable li the 
balmce . 

Your balmced aquariun will naintain itielf luccemfully in any 
window during the winter nonthi. An eait or north window ii beat for 
a year-round location becauie the aquariun ii nore itable in a place 
where it receive! plenty of itrong indirect light, and only a mall 
mount of direct lunlight. In lunmer, weit and louth window! are 
too hot for m aquariun. 

Although daily md leaional light and temperature change! in the 
clamroon are not ai extreme ai they are out-of-doori , luch change! do 
occur. You can watch the change! that take place in your aquaritin am 
the leaioni change. 

Lilt the different kind! of plants and animal! that have become 
eitabllihed in your aquarium. What ii the relationihip of each life 
form to the aquatic connunity of which it ii a part? What are the 
lourcei of oxygen, carbon dioxide and mineral lalti for food-making 
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and raapiration? What about the activity of colorlaaa planta? What 
avldanca do you aee for their activity? 

The final reault of your balanced aquariiw experience ia an 
aquatic Micro-connunity idiich should remain relatively unchanged 
over a long period of time, if the conditions of its environment 
are not changed. The only way available for use to Judge the 
achievement of this balance is by observing its continued success. 
Chemical analysis might be possible, but not at the level at which we 
are operating. Kevertheless , the Judgment of a biological result on 
the basis of a kind of biological test or essay is a method widely 
used. What other examples of it can you think of? 

Setting Up A Pond Infusion Culture 

Fill a quart Jar about 3/4 full with plant material from the 
edge of a pond. Including some of the floating and submerged green 
vegetation and some of the dead vegetation from the pond bottom. 

Be careful not to include mud. Fill the Jar to a point near the top 
with water taken from the area where it has been stirred up. In doing 
this you will have secured a representative sample of the microscopic 
aquatic organisms in this environment. 

A sample secured in this way will contain a maximum variety of 
microscopic forms. Hot all of them will appear, however, on immediate 
microscopic examination. Therefore, the Jar should be allowed to stand 
for twenty-four hours. By this time the organisms will have oriented 
themselves to the changed situation, and a more accurate survey can 
be made. 

A pond infusion culture consists simply of a Jar of material 
obtained in this way, and allowed to undergo the natural changes which 
occur over a period of days or weeks as a result of the changed 
environmental conditions to which it is exposed in the laboratory. 

When kept in the laboratory, the culture should be placed in 
a window, but not allowed to stand in direct sunlight. It should be 
moved as little as possible. The same side of the Jar should be kept 
exposed to the light from the window. Why should the culture be 
maintained in this way? In what ways does the laboratory environment 
differ from the pond environment? What physical factors of the environ- 
ment are changed when the material is brought into the laboratory, and 
to what extent? What biological factors are changed, and to what 
extent? Predict possible effects that these changes may have on the 
living organisms brought in from the pond, and then try to determine 
the validity of your predictions during the period of your observation 
of the developing culture. 

Succession in the Culture Jar Community 



In securing samples from the culture Jar for study under the 
microscope, fill a medicine dropper as you scrape the end of it up 
and down through the top film of the water against the glass on the 
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.ld« ot th. J»r neare.t the window. By thie «e«n. you ehould «•<=“" • 
euple of the orgenlene in epproxinetely the top 

water. Whet enviroiaentel fectore ere you taking into TOnaideration 
when you take a aanple in thia way? How do tbeae operate in the plant- 

mnlmal coMwmity? 

In addition to any othar considarationa invoXvad in taki^ awiplaa 
in thia way, thara ia tha advantaga affordad by uniformity. Samplaa 
iSirirHiken in the ae» way each ti-e the culture la 
poaalble a ccparialon of reaulta. Additional 

froB other parta of the culture, uaing different nethoda of ***^1 “«• 
but tbeae alao ahould be uniformly obtained. Such aamplea may be 
compared with the onea taken aa Indicated above. 1“ 
leaat three aamplea ahould be atudled from any locality in any par 

ticulmr jar on each occaaion. Why? 

in identifying the organiama obaerved, the following atandard and 
eaally obtainable reference booka are helpful: 

Eddy, Samuel, and Hodaon, A. C., Taxonomic 

nf the Morth Central Statea . Burgeaa Publiahing 
Ccnpany, klnneapolia, Hlnneaota, 1995. 

Needham, Jamea 0. and Needham, Paul R. , A Ouide to the Studjr 
of Freehweter Biology . Holden-D»y , Inc . , Sen Frencieco , 
Celifomie, 1062. 



1 . 



2 . 



3. 



Jehn, T. L. , How to Know the ProtoEoe . Williem C. Brown and 
Company, Dubuque, Iowa, 1949, 



4. ward, H. B., and Whipple, 0. C., Preahwater Biology. John Wiley 
and Sbna, New York, 1918. (Second Edition, W. T. Bdmondaon, 
editor, 1959.) 

Since common plankton forme are generally world-wide in their 
dietribution, any good reference book on microecopic aquatic org^iwM 
will be useful. Any reference book used, however, should 
pictures or sketches of the common organisms for ready identification. 
Keys are necessary for detailed identification, but for e ® . 

recognition involved here, time is not available for such 
nor ia it noceaaary. It ia better to leave an occaaxow ^ 
tified than to "loae eight of the foreat in atudying the twea . The 

goal of the experience ia to underatand the ^“**"®i**^°“**J?® 
exiat in the community, not to identify a largo number of organiama. 

Aak your teacher to verify the identification of the o^aniama 
that vou have seen. Your teacher may then draw rough sketches of 
SeL org«I». on the blackboard, emphaaiaing auch readily ob.ervable 
characteristics as body shape , siae , and outstanding features of 
appearance. Sketches of this type will enable others to recognize 
the organisms if they see them. It is well if these sketches can 
remain on the board during the progreaa of the atudy, 

With additional ones as new organisms are discovered. Usually all of 
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th« nor« coiamon organisns in the culture are identified during the first 
few periods of observation. Reiieaber that all organisms which appear 
at any time during the development of the culture must necessarily be 
derived from those which were present at the beginning. Nothing new is 
introduced . 

If you wish to do S0i you may avoid all identification of genera 
and species of the microscopic animals and plants by simply placing 
the organisms that you observe in a few major groups: (1) flagellate 

protoioa (2) ciliated protozoa, (3) rhizopod protozoa, (4) microcrustacea^ 
(3) miscellaneous arthropods , <6) worms , (7) single-celled and colonial 
green algae, (8) filamentous green algae (9) diatoms (10) blue-green 
algae, and UD bacteria. This procedure has certain advantages from 
the standpoint of summarizing results , and it is very easy to carry 
out. 



The culture may well be examined daily during the first week or 
even two weeks. If it is desirable to carry on other class activities 
during this time, however, examination on alternate days will be 
sufficient. The changes during the first two weeks are rapid and 
interesting. After the first two weeks, examination once a week or 
even less often will be enough to detect the slow changes which are 
occurring. After six weeks, a single examination at the close of the 
semester or the school year will serve for comparison with the 
balanced aquarium. If old culture jars are available, containing 
mature cultures from previous years , these also may be studied and 
used for purposes of comparison. 

Work out a means of quantifying your data. This may be done 
by combining the results of the entire class at the close of each 
period. Use the sketches on the beard in helping to determine class 
totals. Exact counts are not necessary. It is usually sufficient to 
state results in terms of rough categories such as> "very abundant 
"abundant", "many", "few", and "rare". Quantification of this kind 
serves as a useful summary of the work of each period, and helps to 
present to the class a picture of the changing scene of the culture 
as the succession progresses. 

In general , the predominant organisms in the culture during 
the first few days are those which are common in plankton samples 
taken directly from the pond: micro crust ace a, green algae, diatoms, 

blue-green algae, aquatic annelids. Insect larvae, other micrometazoa, 
and protozoa in small numbers. After a few days, the green forms, 
the microscopic metazoa and some of the kinds of protozoa become fewer 
in number and disappear. Processes of decay set in, bacteria multiply 
and are seen in large masses, and the cilJate protozoa (paramecium 
and others) that feed on bacteria become abundant. This stage may 
last for several weeks. Then, as decay runs its course, the bacteria 
and bacteria-feeders diminish; the green and blue-green algae become 
abundant again; such microscopic metazoa as have lived through the 
period of decay are again seen in small numbers; and the culture 
slowly attains a balance. Ultimately it becomes a miniature balanced 
aquarium, balanced at the microscopic level. 



At thii point, a compariaon with the gallon Jar balancad aquarium 
which was constructsd at ths bsginning of ths study should bs mads. 

How ars thsy similar? How do thsy differ? Why? Why was it possible 
to construct the larger balanced aquarium without its having to pass 
through the succession stages which took place in the case of the 
culture jar? How are both of the balanced aquaria similar to the plant- 
animal community of a pond, lake or the ocean? How are they different? 



Further Investigations ; 

What are the implications of the pond infusion culture- balanced 
aquarium study for understanding some of the methods of purification 
of city water supplies? For some of the methods of treastent of 
sewage? Visit a city water plant and a city sewage disposal plant if 
possible, and see these processes in operation. 

What are the implications of the study for a possible part- 
solution of the problem of a food supply for the world’s future dense 
population in the form of "farming” the rivers, lakes and oceans for 
food? What are the implications for maintaining a food supply in a 
space ship traveling vast distances over long periods of time? What 
kinds of research are now being done on both of these problems? 

What kinds of controlled or semi-controlled experiments could be 
set up to study further the problems raised by the pond infusion 
culture? Set some of these up and try them. 



Theorio of th» Origin of the Univr»»t Two Appro >ch»» 

to Dynaalc Iqullibriua 



Introductlon t 

Scientlota maka certain basic assumptions in connection with their work 
and thinking. These assup*4;toAs serve to define the way they look at 
the natural world, how they behave toward it, and how they expect it to 
behave. 

One of these basic assumptions is that of uniformity or uniform! tari anism . 
Scientists assume that the natural world is the result of forces and 
processes which operated in the past, are operating at present, and will 
continue to operate in the predictable future. This holds true in the making 
of an erosion pattern of hills and valleys, the growth and decay of a 
forest, the appearance and extinction of a species, or the birth and 
death of a star. Scientist think that no event is unique; anything which has 
occurred can occur again given tha same set of circumstances. All 
natural laws assume consistency and repeatability as opposed to 
catastrophes that happen only once. 

Another of the basic assumptions of science is that of continuous dis - 
covery . Scientists hope to go on learning more and more about the 
natural world until eventually all may be understood. They recognize 
that it may never be possible to realize the goal of complete knowledge, 
but their way of looking at the world demands that they continue trying 
to do so. If they do less than this, if they permit any authority to say, 
"You must not Investigate this problem," or "You must not ask this 
question, " they violate the meaning of science. Scientists seek for 
objective truth, and they must ask all possible questions when these 
questions concern the natural world. 

Two of the problems which scientists have to face about the natural 
world are those concerning the physico-chemical origin of life and the 
origin of the physical universe. 

Theories of the Origin of the Universe ; 

Until the middle 1920* s theories of origin were concerned largely with 
the origin of the solar system, the sun and its family of plannts. 

Scientists did not know enough about the universe as a whole to be aware 
of its nature and extent or to attempt to determine its origin. 

In the middle 1920* s, however, Edwin P. Hubble discovered that our star 
group or galaxy, in which our sun is only one of possibly 100 billion 
stars, is one of millions of more or less similar galaxies scattered 
throughout known space. Furthermore, he discovered that all of these 
galaxies are moving away from one another at constantly increasing 
velocities; the farther away they are, the greater the velocity. Read 
about the use of the spectroscope to determine this movement of the 
galaxies. What is the Doppler shift? Presumably the velocity continues 
to Increase with increasing distance until it reaches the velocity of 
light, 186,000 miles a second. According to Einsteln*s Theory of 
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Relativity, this ia the greatest velocity which it is possible to attain. 
Certainly we could not see the light from a galaxy traveling away from 
us at this velocity, since the velocity of the light coming from it 
toward us would be exactly canceled out by the velocity of the source 
of the light moving away from us. 

Hubble*s discovery made it necessary for scientists to widen their problem 
from the nature and origin of the solar system to the origin of the universe 
as a whole. On the basis of what we know at the present time, there are 
basically two possible explanations, but we do not yet have suffieient 
evidence to enable us to accept either of them to the exclusion of the other. 

1. If the theory of imiversal expansion means only that the galaxies 
are getting farther apart, it should be possible to project the 
process backward to a point in time at which our present universe 
began with a kind of explosion of a relatively small, extremely 
dense mass. Presumably, this contained all of the matter which 
now makes up all of the galaxies, stars and other bodies in the 
universe. 

This explanation implies a kind of beginning", and also some 
kind of ”end”. At least we can look forward to a situation 
in which the velocities of receding galaxies all attain the 
speed of light, and therefore the light which they radiate 
is no longer visible to an observer located in any one of them. 

2. On the other hand, if universal expansion is only a property of 
space itself which carries the galaxies along with it, space has 
no real "center. " The expansion appears to be taking place in 
all directions from any point in space where the observer may be 
located. This is comparable to the fact that, when you are 
inflating a toy balloon, all points on its surface are moving 
away from any particular designated point, (Why don’t you 

try this out?) 

Since matter in the form of galaxies may be assumed to be 
constantly "disappearing" as the galaxies attain the speed 
of light and "wink out” in the ultimate distance, it may 
also be assumed that new matter is constantly "appearing" 
somewhere in space while it is expanding. Since hydrogen is 
the simplest chemical element, and therefore the most basic 
form of matter, ii. is assumed that this is the form in which 
new matter appears. Hydrogen is the most abundant element 
in the universe (slightly over 50 per cent). It would appear 
that the new hydrogen might be synthesized into more complex 
chemical elements, then into cosmic dust and ultimately into 
new stars aud galaxies which would "flow outward" with increasing 
velocity toward ultimate extinction. 

This explanation imples that the universe we see constitutes 
a kind of continually "flowing fountaiu" of galaxies and stars. 



Each of these possible explanations has come to form the basis of one or 
more theories of the origin of the universe* Fortunately for readers who 
are not astronomers, both points of view have been championed by scientists 
who are able to write In easily readable, non-technlcal style, and their 
writings have been published In popular paperback books. 

The first explanation has given rise to what has sometimes been called the 
**Blg Bang'* Theory, or as a more dignified title, the Evolutionary Theory. 
(This should not be confused with the Theory of Organic Evolution In the 
living world. ) The Evolutionary Theory of the origin of the universe has 
been set forth particularly by Dr. George Oamow of George Washington 
University. 

The second possibility has given rise to the Continuous Creation or 
Steady State Theory of origin. Its principal proponent for the general 
reader has been Professor Fred Hoyle of Cambridge University. Both 
men have done an excellent Job of exp lathtug their points of view, and 
giving evidence to support what they believe. 

A variant or extension has been proposed for the Evolutionary Theory. It 
constitutes an attempt to face the twin problems of "What was there before 
the 'big bang?' and "What will be the ultimate fate of the universe?" The 
basic scientific assumption of uniformity which was set forth above In the 
Introduction makes It necessary to face these questions. What Is this so? 

This variant Is called the Oscillating Universe Theory. This theory has 
been championed by Dr. Ernst J. Oplk of Armagh, Northern Ireland. It 
assumes a periodic expansion and contraction of the universe, like the 
alternate stretching and releasing of a rubber band. Expansion continues 
to an ultimate point, and then a corresponding contraction sets In. 

This continues until a point of ultimate density Is reached, and a new 
expansion takes place with the formation of another set of galaxies 
containing new stars, and possibly planets like our own. How does this 
satisfy the o««mands of unlformltarlanlsm? 

Equipment and Materials ; 

Popular paperback books dealing with the nature and origin of the 
universe 

An open mind with some Imagination, and a desire to understand 
Procedure : 



1. Read "introduction," pp. XI-XIII, and "Conclusion," pp. 134-136, In The 
Creation of the Universe, by George Gamow, A Mentor Book, the New 
American Library* HD2I4, 1952. 

2. Read Chapter 6, "The Expanding Universe," pp. 93-115, In The Nature of 
the Universe , by Fred Hoyle, A Signet Science Library Book, the New 
American Library P2331, 1960. 



*The New American Library of World Literature, Inc. , 501 Madison Avenue, 
New York 22, New York. 



3. R«ad Chapter 1, "The Univarae, Oeo«atry, and RalatiYity,” pp. 11-46, 
Chapter 2, **The Xxpanalon of the Unlverae, pp« 47-79, Chapter 6, The 
Ivolutionary Theory," pp, 131-160, Chapter 7, "The Theory of Continuoua 
Creation," pp. 161-180, and Chapter 8, "Diacuaaion of the Tneoriea, 

pp, 181-206, in Modem Theoriea of the Univerae , by Ja»ea A. Coleean, 

A Signet Science Library Book, the New American Library P2270, 1963. 

4. Read "The Expanding Univerae! Ita Origin and Fate," pp. 114-124, in 
The Oaci Hating Univerae, by Irnat J. Opik, A Mentor Book, the Maw 
Aaerican Library [tD26^, 1960. 

5. Read in all four booka any additional material which you find helpful 
and intereating. Try to underatand it aa beat you can. (Everyone finda 
aome of thia material difficult to underatand, ao do not be diacouraged. ) 

6. Conault any additional references that you wiah. The following paper- 
backa are auggeated for additional reading: 

Frontiera of Aatronomy , by Fred Hoyle, A Signet Science Library Book, 
the Mew American Library T2309, 19aS. 

b. The Birth and Death of the Sun , by George Oamow, A Mentor Book, the 
New American Library MD120, 1952. 

c. The Unity of the Universe , by D. W. Sciama, A Doubleday Anchor Book, 
iOoubleday and Company, Inc., A247, Garden City, New York, 1961. 

7. Check the backfilea of Time and other newa magaainea (in the Science 
Section) for pertinent articlea on the theoriea of the origin of the 
univerae. 

How does the fact of the expanding univerae (Hubble's diacovery) preaent a 
problem from the atandpoint of equilibrium in the univerae? Why ia it 
neceaaary for ua to think of the universe as being ultimately in a state 
of equilibrium? How does each of the theories attempt to deal with the 
problem in such a way as to present a picture of equilibrium? Does each 
of the theories do an equally good Job of presenting a picture of equilibrium 
in the univerae? Why or why not? 

How does each of the theories measure up in terms of the basic scientific 
assumption of uniformity? Do they measure up equally well? Why or why not? 
How is uniformity related to the idea of equilibrium? 

Further Considerations: 

What is entropy? Why has it been called "the running down of the 
univerae?" How does it appear to be related to the continuous expansion 
of the univerae? How does it appear to be related to the one-way flow of 
time? How does the one-way flow of time appear to be related to the 
expansion of the universe? What would appear to happen to time in the case 
of a pulsating universe? What would appear to happen to entropy? Would 
this seem to preaent a barrier to acceptance of the pulsating theory? 



8cl«nc« fiction itorioi nr« wrltton about tin* trnvol aa wall aa apaca 
trawal. What do you think about tha poaaibility of tima traval aa cowparad 
to that of apaca traval? Why? 

Vndar tha Thaory of Ralativity, mattar and anargy ara baaically aquivalant, 
Mattar can ba changad into anargy, and anargy into nattar. Iha anargy 
ralaaaad in tha asqploaion of a nuclaar bonb (A-bomb or H-bomb) comaa from 
tha convaraion of a vary amall amount of mattar into anargy. Convaraaly, 
in a cyclotron, a vary amall amount of mattar la **craatad" by convartlng 
anargy into mattar. How la thia ralatad to tha Idaaa Involvad in aach of 
tha thaorlaa of tha origin of tha unlvaraa which hava baan praaantad? la 
it ralatad to both, or to only ona? If only ona, which ona? Why? 

Alao undar tha Thaory of Ralativity, aa tha valocity of an objact 
approachaa tha valocity of light, ita maaa approachaa infinity, and tlma 
for it approachaa zaro. Alao tha objact which la moving bacomaa fiattanad 
in tha dlractlon of traval. Aa tha valocity of light la approachad, thia 
dlmanalon of tha objact alao approachaa zaro. No ona, not avan tha 
mathamatlclana who arrivad at thia thaory, can Imaglna thia condition of 
infinita maaa, zaro tima, and two-dimanaional voluma. No objact haa avar 
baan obaarvad to traval thia faat, Aaaumlng, howavar, that thay ara corract, 
how ara thay ralatad to tha idaaa Involvad in aach of tha thaorlaa? Ara 
thay ralatad to both, or to only ona? If only ona, which ona? Why? 

All Ufa on aarth la dapandant on anargy from tha aun which la fixad into 
organic matarlal (carbohydrataa, protalna and fata) by tha procaaa of 
photoaynthaaia, Aftar paaalng through a aarlaa of organiama, tha atorad 
anargy la dlaalpatad into tha anvlronmant. (Oraan planta ara aatan by 
harblvoroua anlmala, which ara aatan by carnlvoroua anlmala, and finally, 
nil waata matarlala and daad bodlaa ara brokan down by tha action of 
colorlaaa planta which act aa dacompoaara. ) If it wara not for tha con- 
tinual input of fraah cnargy from aolar radiation, all Ufa on aarth would 
caaaa. Enargy usa la a ona-way atraat. Thia ultimata diaaipatlon of 
anargy la trua alao of tha anargy which wa uaa in carrying on varloua 
phyalcal procaaaaa. How la thia ralatad to antropy? 

In tarma^of tha thaorlaa of origin which hava baan praaantad, la thia 
ona-way” aapact trua of tha antlra mattar-anargy plctura in tha unlvaraa? 

Or la tbara an ultimata aqul librium if tha plctura la conaldarad in 
aufflclantly broad tarma*’ la tha anawar to tha abova quaatlon equally 
applicable to each of tha thaorlaa or only to ona? If jnly ona, which 
ona? Why? 



Idta ot Chmf and Variation 

1. Id«a*Bridga: "Thinking About CSianga and Variation" 

8. Laborntory lxp«)rianoaa : 

a. "Looking for IxanpXaa of Pattamlass Ghanga" 

b. "Nomal CXirvaa and Warping Factors" 

o. "itslationahlps Anong Diffarant Kinds of Changa: Daily, Monthly, 

and Annual Tanparaturas" 

d, '^a fiMrganca of Pattams" 
a. "DacoBpoaitlon of Matarlals^ 



Thinking About Chnngo >nd Vtxintioii 



It has b««n said that nothing Is changeless but change. Certainly we live 
in a dynamic rather than a static world and universe. Perhaps we have 
becone so accus toned to change that we do not notice It. Nevertheless, 
if we think about, even a little, we see that there appear to be at least 
two kinds of change: patternless and patterned. 

We watch cunulus clouds on a sumner day. If we pay close attention to 
them, we see that they are never the same for any two successive moments. 
Furthermore, we cdnnot predict the details of their appearance at any 
particular moment from knowing how they looked the previous moment. Their 
movement appears patternless. This is true, however, only of the details 
of their movement. When regarded in large, over an entire day or even an 
hour, their movements can be seen as a pattern. This pattern can be 
related to other patterns: of wind movement, and of temperature, atmos- 
pheric pressure, and moisture content. ^ 

Let us consider another example. Looked at in terms of individual days 
at any season of the year, temperatures taken at a specific time each day 
appear patternless. Looked at in a larger sense, day-to-day changes do 
form patterns. Any number of additional examples could be cited. It seems 
possible, then, that our two kinds of change, patternless and patterned, 
are related. If we look at details, change may. appear patternless, but if 
we consider a larger perspective, patterns become apparent. 

Variation in nature is related to change. It is a form of change in which 
the results persist. Patterning factors operate upon a field of variation 
to transform a basically patternless expression into observable patterns. 
The world is a world of variation, but the variations generally are found 
to be patterned when we study them. 

It is the job of science to discover and describe patterns in nature and 
predict their operation. Natural laws are descriptions of patterns which 
operate consistently. There are many kinds of patterns in nature because 
there are many kinds of factors tt^at operate to produce patterns. Scien- 
tists try not only to discover and describe the patterns which exist, but 
also to determine the factors which produce them and how they operate. 



Looking for Exmplw of Pntfrnloii cai«ngo 



Introduction ! 

What would tho world bo liko if no ono could predict wbat wm foing to 
happen next? To what extent are we able to predict what la going to 
happen? Why? On what baaia do we do it? V/hat kind of altuatlona do 
we find in which we cannot predict? Why? 

In thia laboratory experience you will have an opportunity to obaerve an 
exanple of change which doea not appear to "nake aenae. '* What do we nean 
by **»aking aenae”? See if you can nake aenae out of what you aee. 

Materiala and Kquipnent t 

Coapound microacope 

SI idea 

Cover alipa 

Pipette 

Cake of yeaat (Red Star or Flelachman'a) 

Chalk duat 
Procedure ! 

1. Place a piece of yeaat no larger than the head of a pin in a drop of 
water on a glaaa alide. Teaae it out ao that the yeaat beconea finely 
aubdivided in the water* Place a cover alip on top of the drop, 

2. Baaiaine the preparation under the higheat power of the microacope. 

Note the yeaat cella. You will aee that they are of different aizea. 
Are yeaat cella capable of independent movement? Look at them cloaely. 
Do any of them exhibit any kind of motion? Deacribe the motion, la 
the amount of motion related to the aizea of the cella? 

3. Place a drop of water on a second slide. Put some chalk dust in the 
water. Cover with a cover slip. 

4. Examine under the highest power of the microscope. Look for movement 
among the particles of chalk dust. Do you see any motion? Is it 
related to the sizes of the particles? 

5. Try to explain what you have seen in both the yeast and the chalk. Is 
the movement which you have seen related to life? Why or why not? 

What causes it? 

6. This is called Brownian movement. How would you describe it? What 
causes it? Obaerve it again, cloaely, both in the yeaat cells and in 
the chalk dust particles. Look at a single moving cell or particle. 
Can you predict the direction of any of its movements by knowing its 
previous movements? Do its *M>vements constitute patterned or pattern- 
less chfjige? la the change directional; is it ''getting anywhere"? Is 
it cyclic? If the various movements were measured and placed on a 
graph, would they form a normal curve? 









7. Look up the story of Robert Brown, the LSth century scientist who 
first observed this novement. How did he study it? Whet is the 
Kinetic-Molecultr Theory? Wes it known in Brown's tine? 

Further Gonsideretions: 

Study other exsMples of chsnge end variation as you have studied the move** 
nent of ninute particles. What about the novement of the wisps of vapor 
that nake up cumulus clouds in the sunoner sky? Watch a cloud closely. 

Is the Movement of the vapor patternless or patterned? What about the 
points of Impact of raindrops on a flat surface? Is the distribution 
patternless or patterned? Can you think of any other examples of this 
kind in nature? Is the kind of chanfe or variation which we have 
examined in this experience ever related to patterned change or variation? 
How do you think it might be related? How can you explain the evaporation 
of water in terms of the movement of molecules? 
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Kormal Curve* and Warping Factor* 



Introduction: 



Thi* laboratory experience bears sooewhat the same kind of relationahip 
to the procea* of scientific investigation and the generalisation* that 
result from it (hypotheses, conclusions, natural laws) that bridge-playing 
bears to real<-life competition in business or politics, and that chess- 
playing bears to military tactics and war. What is this relationship? 

Materials and Equipment : 

Pennies 

Masking tape 

Graph paper 

Procedure : 



Toss a single penny not less than 100 times. Record the number of times 
it falls heads and tails . Are the numbers equal? If so, why? If not, 
why? Formulate a hypothesis to explain your results. Devise an experi- 
ment or set of experiments to test your hypothesis. Compare your results 
with this penny to the results of similar experiments with other pennies. 
Are the results the same? If so, why? If not, why? Formulate a 
hypothesis. Test as before. Does the age of the penny have anything 
to do with it? If so, why? If not, why? Try tossing a nickel. Does 
tile kind pf coin you use affect the result? What else might affect the 
result? Investigate some of these possibilities. 

Continue your hypothesis-forming and testing as long as you find it 
interesting, or as long as time will allow. Do not worry if you do 
not come to any definite conclusions, or if the conclusions you arrive 
at on the basis of your own experience differ from those of others. The 
conclusions that you reach are less importaat than the procedure by which 
you reach them. You are actually not carrying your experiments far 
enough in any case to Justify drawing well-established conclusions. Why? 

What does a scientist mean by sampling? How is this related to what you 
have been doing? How well can, you predict a final result after 20 tosses? 
50 tosses? 100 tosses? 1,000 tosses? How large a population of boys 
or girls would you need to consider in order to make a well-founded 
generalization concerning them? 

What is a hypothesis? What is a natural law? What is inductive thinking? 
Deductive thinking? '^ere have you used each type of thinking? What is 
an experiment? How is it related to an ovservation? To what extent is 
science experimental? To what extent observational? What is a controlled 
experiment? How does it differ from an uncontrolled experiment? From 
) an observation? 
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Now tmke mi oven nunbar of pennies (6~10), and toss them together, counting 
the total number of tails that show each time. Do this as many times as 
possible, up to 100.^ Record your results for each toss in such a way that 
the data for your total number of tosses forms a curve: 

X 

XXX 

Number xxxxx 

of Tails; xx xxxxx 

CM23456 

Transfer your results to a piece of graph paper. How closely have your 
results approximated a normal curve? Why? Any deviation from a normal 
curve is called a skewed curve, and is due to the operation of a warping 
factor. What are warping factors? Is a warping factor at work here? 

If so, what do you think it might be? 

Calculate the total number of single-penny tosses involved in your result. 
Did heads or tails predominate in your mass result? Does this outcome 
support or contradict the conclusions you reached in working with single 
pennies? In case the two conclusions do not agree, which do you think 
would be the more valid? Why? 

Put a thickness of masking tape on the head side of a penny. Be careful 
that the tape does not extend onto the edge of the penny. You have now 
introduced a possible additional warping factor into your penny tossing. 

Why did you need to be careful not to get tape on the edge of the penny? 

Toss the penny at least 100 times as you did before. Record the number 
of times it falls heads and tails . Have you succeeded in warping the 
heads- tails ratio by attaching the tape to the head side? If so, to 
what extent? Now try adding a second layer of tape. Repeat the tosses. 

Is the ratio changed? Add a third thickness and try it again. Add a 
fourth and repeat. Is there any evidence of a progressively increased 
degree of warping? If so, is the change consistent? 

Put a predetermined amount of tape on each of six pennies and toss them 
together as you did with untaped pennies, counting the total number of 
tails that show each time. Do this as many times as possible, up to 
100. Record your data in such a way that your results form a curve. 
Transfer your results to a piece of graph paper. Does the warping 
factor which you have introduced show up in the form of a warped or 
skewed curve? Compare this curve with the one obtained from tossing 
six untaped pennies. Is there a difference? 

Can you arrive at any sort of generalization concerning your resu,lts 
in to&sing single pennies and six pennies without tape and with tape? 

Further Considerations ; 

When examples of variation with regard to a particular characteristic 
in a sample population are quantified, and their frequency is recorded 
on a graph, the result may be a normal curve. In such cases we say that. 
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with ree«rd to the characteristic bein» studied, the individuals nakine 
up the population vary around a norm. How does this * ■ 

natternless distribution? What factor or factors produce the pattern? 

Le* these warpin* factors operating upon a patternless distribution? 

What kinds of phenonena in biological and physical nature «• 
in terns of a nomal curve type of distribution? C» you thi^ o* 

of these that you might survey, or iu™**^*®*®,^",***® ^ * 

about height and wel^t in adult men and women? In boys and girls of 

the same age? Any others? 

See if you can think of warping factors at work in biological or physical 
nature. Can you survey the operation of some of these, or tpr them out 
in the laboratory? What about degree of cloudiness in relation 
perature in a particular month? What about sex in relation to variations 

in height of men and women? Any otherb? 

What is the relationship of normal curves and warped curves to the general 
TLLnon of patterns existing in nature? What 

there other than these two? What kinds of factors cause P®**® i-»a? 

is the relationship of patterns in nature to hypotheses? To natural laws 



Relatlonihipi knong Different Kinds of Change ; Daily , Monthly , 

and An nual Temperature! 



Introduction ; 

Some example! of change appear to be patternless, with the individual 
elements of change showing no apparent relationship to one another. 

Other examples appear to be progressive, moving in a specific direction. 
Still others show cyclic patterns, repeating themselves over and over 
again, after longer or shorter periods. Is there any relationship 
between directional and cyclic change? How are these patterned forms 
of change related to apparently patternless change? In this laboratory 
experience you will have an opportunity to study one example of the 
relationship of these different kinds of change to one another. 

You are familiar with the fact that the month of January is colder than the 
month of April, and that the temperature taken at the same time each day in 
either January or April varies in relation to that of the days preceding 
and following it. You are also familiar with the fact of seasonal change: 
the progress of cooling, then warming of the seasons from fall, through 
winter, into spring, and finally summer. These phenomena can be measured, 
and the recording of the data show an Interesting relationship between 
apparently patternless, directional, and cyclic change. 

Materials and Equipment ; 

Thermometer (either Fahrenheit or Centigrade) 

Graph paper 

Ruler 

Procedure ; 

1, Every day, from the first of October to the first of May, at the same 
time each day, read the outdoor temperature in a place not exposed to 
direct sunlight. Record the temperatures of the days of each month 
on a graph: 



Degrees of 
temperature 



Days of the month 
Name of Month 



See if you can detect any relationship between the temperatures on 
successive days. What kind of relationship (if any) do you find? Is 
this relationship such that you could predict the temperature on any 
day by knowing the temperatures of the immediately preceding days? 
How accurately could you interpolate the temperature of a day if you 
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^ knew the temperatures of the day preceding and the day following? How 

much daily temperature change occurs? to what extent do daily temperat- 
turea furnish an example of patternless change? 

2. Now for each month, plot the accumulated daily temperatures on a graph 
in the form of a frequency curve showing the number of days during the 
month when you recorded each particular temperature; 



Number 
of days 



Temperatures 
Name of Month 

Is there a "piling particular temperature? What 

was the most common daily temperature during the month? What was the 
range of variation? How closely do your results approximate a normal 
curve? Plot the daily temperatures with intervals of one degree, two 
degrees, three degrees, five degrees. By which method do you get the 
nearest approximation to a normal curve? Why? 

Have you arrived at a pattern with relation to the daily temperature 
changes that occurred during the month? To what extent can apparently 
patternless variations of any kind be expressed in the form of a normal 
curve or a warped curve? Why? What causes the difference between 
normal curves and warped curves? What are warping factors? 

3. Calculate the average (mean) temperature for each month. What is the 
relationship of the mean to the mode, the most frequently recorded 
temperature? Why? 

Now make a graph of the successive mean temperatures of all the months 
from October till May: 



I 

Mean 

Monthly 

Temperature 



Months from October till May 

Is the result a gradient? Why? Compare the gradient for fall with the 
gradient for spring. Do you see a pattern of directional change? 

Could you interpolate the mean temperature for a particular month if it 
were miss-ng? Compare this with the situation which you found in the 
case of the successive days of a particular month. Why do you think 
there is a difference? 
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Would you be Justified in saying that the apparent lack of pattern 
among successive day-to-day temperatures within a particular month was 
due to the short period of observation, and that this daily pattern- 
lessness gives way to a directional pattern when there is a longer period 
of observation? 

What do you think would happen if you were to show on a graph the 
successive mean temperatures of all of the months of a year? What 
would be the relationship of the seasonal gradients to one another? 

What is cyclic change? Is this a further kind of patterned change? 

How is directional change related to cyclic change in this case? 

Does this relationship also have something to do with tho length of 
the period of observation? Why? 

4. If you studied all twelve months of a year, you could, by averaging, 
obtain a mean temperature for the «rhole year. Then, if you studied 
a series of years, you could represent on a graph a series of such 
mean annual temperatures: 



Mean 

Annual 

Temperatures 

A Series of Years 



What kind of year-to-year change would you expect? Would it appear 
patternless? Would it appear directional? Would it appear cyclic? 
What are climatic cycles? To what extent do we have evidence for 
their existence? What does the length of our period of observation 
have to do with our knowledge of climatic cycles? 

Further Considerations : 

What is the relationship between apparently patternless change, directional 
change, and cyclic change? How is it concerned with the length of time 
during which we are able to carry on observations? Let us try to set up 
a mental model to illustrate this relationship. 

Imagine an intelligent animal, able to observe and record observations, 
belonging to a species with a life span of only 30 days. It would see 
30 day- and -night cycles pass during its lifetime. It would be able to 
see only one complete lunar cycle, or parts of two such cycles* (The 
cycle of phases of the moon from full moon to full moon requires 28 days 
to complete. ) At whatever season of the year our animal lived, however, 
day-to-day temperature changes would appear to it as patternless. Only 
by reading the historical records of its species would an individual be 
able to get some idea that directional change in daily temperatures took 
place with the seasons, and that an annual cycle of temperature changes 
recurred regularly over a period of twelve or so of its generations. It 
might try to understand these longer directional and cyclic changes by 
comparing them with the waxing and waning ;of the moon, and the lunar 
cycle which was observable during its lifetime. 
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Now imagine that the creature belonged to a species having a lifetime of 
about six months. It would live through several lunar cycles, and would 
be able to observe the directional change of daily temperatures through 
a couple of seasons. The annual temperature cycle, however, would be to 
it as the cold winters and hot summers of the last century, supposedly 
remembered by our grandparents and other old people, are to us. The 
historical records of the species would show that these cycles, which 
they themselves were not able to observe directly, had occurred regularly 
in the past. 

Now we come to ourselves. We have no trouble relating the apparently 
patternless, daily temperature changes to the directional changes which 
we see in the seasons, and to the annual seasonal cycle. These all lie 
within our range of experience. There is some Indication, however, that 
young children may be less able to deal with the concept of the seasonal 
cycle than older people, and that primitive people dealt with it less 
readily than people who keep hist 3r leal records. Some primitive people 
used the lunar cycle rather than the annual cycle to measure time. 
Possibly they understood this shorter cycle more readily. For us. 
climatic cycles, recurring at intervals of many years or many centuries, 
or even longer periods, are a subject cf research and are somewhat con- 
troversial. How do you think climatic cycles would appear to a creature 
with a life span of 10,000 years? 

The history of the universe and the evolution of life within it, appear 
to us to corstl^;ute directional change. We base our belief that this is 
so on all of the evl dence that science has been able to collect by means 
of long and painstaking research. Do you think that there is a possi- 
bility that these too might be a part of still longer-term cyclic changes 
if only we could look at them over a long enough period of time? 




IJo EteTgenc# of Patfrni 



Introduction ; 

Scientists look for patterns in nature, and then try to find their causes. 
If the patterns are consistent, they can be described in terms of natural 
laws. , The principle of consistency lies back of all of the natural laws 
that have ever been discovered. A scientist assumes consistency when he 
observes nature or conducts experiments. 

Patterns occur in living nature as well as in physical nature. Physical 
nature generally contains fewer variables, and therefore is usually 
simpler. The laws which describe it are more easily observed and under** 
stood. Living nature contains a greater number of variables. The laws 
which describe it are more complex, and more difficult to study and 

verify. All natural laws are based on the operations of consistent 
patterning factors. 



Natural laws differ from civil laws in that they describe, while civil 
laws prescribe. Civil laws prescribe what people must do. If people do 
not obey them they are punished. Natural laws describe what nature does 

do. If it is discovered that a natural law does not accurately describe 
nature, the law is changed. 

Materials and Equipment ; 

Iron filings 

Magnet 

A sheet of stiff paper 

Wind- borne seeds: dandelion, milkweed, or other 

An open area: school ground, vacant lot, road side, railroad 
right-of-way, or other, having a diversity of habitats, and 
containing a variety of different kinds of plants 

Procedure : 



1. Scatter iron filings evenly over the surface of a sheet of stiff paper. 
Hold a magnet against the lower side of the paper. What is the behavior 
of the iron filings? Does a recognizable pattern emerge from the for- 
merly patternless condition of the filings? Move the magnet around. 

What happens? 

Repeat the experience several times, starting in each case with the 
iron filings scattered evenly over the paper. Is the pattern which is 
formed consistent in every case? Describe the pattern. What causes 
it? Is there a natural law which describes this phenomenon? 

2. Go into an open area containing as wide a variety of habitats as 
possible* bare ground, grass^covered ground, low weedy vegetation, 
tall weedy vegetation, etc. Choose a time when a moderate breeze 
is blowing. Too strong n wind will endanger the success of. the 

experience. Set free at head height the wind-borne seeds from the 
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head ot a dandelion, the pod of a milkweed or other available source. 
Watch how and where the seeds are carried by the wind. Follow them 
until they finally reach the ground. 

Locate as many of the seeds as possible, up to 100. Describe the 
spot where each seed fell. How many different kinds of habitats 
are represented? How many seeds fell in each kind of habitat? Do 
you think the seeds would grow equally well in all of the habitats? 

Why or why not? Would they grow in some habitats and not in others? 

In which of tl!^e habitats do you think they would be most likely to 
grow? Why? Least likely? Why? 

Was there a pattern in the original distribution of the seeds by 
the wind? Assuming that the seeds would germinate and grow in some 
habitats and not in others, would there be a pattern in the distribution 
of the plants that grew from the seeds? What would cause the 
pattern? Assuming that the situation which you have observed is 
typical for areas of this kind, could you describe the pattern of 
distribution of the particular species of plant that you are studying, 
and give a reason for it? 

Study the actual distribution of the vegetation on the open area where 
you scattered the seeds. How many different kinds of plants can you 
find? (NOTE! You d> not need to identify them.) Are they all evenly 
distributed over the area, or are some of them found in some places and 
not in others? Is there any apparent reason why they are distributed 
as they are? Is their distribution consistent? Are the same kinds of 
plants always found in the same kinds of places? How would you account 
for their distribution? Would you say that there was (or was not) a 
pattern in their distribution? Why or why not? 

Is there « pattern in the different kinds of vegetation occurring 
naturally (not planted or cultivated) in your locality? What factors 
cause it? Is there a pattern in the distribution of different kinds 
of Vegetation in North America? What is the nature of the pattern? 

What factors cause it? Are there natural laws which describe the 
distribution of vegetation? 

3. What similarity is there between the portion of this experience 

dealing with the magnet and the iron filings, and the portion dealing 
with the wind“borne seeds and the distribution of vegetation? Why? 

Further Considerations : 

Can you think of other situations involving patterns in nature to which 
you might apply the same kind of analysis that you have used in the case 
of the magnet and the iron filings, and the distribution of plants? What 
about some aspects of human behavior? Of the behavior of other animals? 

What about weather? 
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Introductiort * 

All natural materials undergo decomposition. This is true even 
of rock, which ultimately is broken down to sand or clay. Materials 
which have been a part of living organisms (plant or animal) break 
down relatively rapidly. Some, however, break down more rapidly than 
others. Also, the medium in which they happen to be found may affect 
their rate 6f decomposition. 

Soil consists of finely divided particles: ground-up rock or "rock 

flour," mixed with partially decayed vegetal material called humus. 

The humus develops from the decay of the bodies of plants and animals 
through the agency of bacteria, molds, earthworms, soil insects, and 
even burrowing mammals. These organisms contribute to the breaking 
down of the dead bodies directly, or mix the dead material with already 
existing soil, permitting the organisms of decay to come in contact 
with th<mft and attack them more readily. 

In this laboratory experience you will have an opportunity to 
observe comparatively the decomposition of animal, vegetal, and man- 
made materials in contact with sand and soil. 



Equipment and Materials ; 



Four medium-sized flower pots 

Deep dishes in which to set the flower pots 

Glass covers for flower pots 

Washed sand 

Rich garden soil 

Small stones or pieces of broken flower pot 

Dead leaves 

Bits of cooked meat 

Bits of bread 

Bits of cotton fabric 

Bits of wool fabric 

BitSrpf nylon fabric 



Proc edure ; 



Hot.: mu experience may be done in teams of two to four 

involving the entire clasa, or it may be aet up aa a demonatration 

for the class. 



1. Place small stones or pieces of broken pot in the bottoms 

flower pots. Fill two of them to within an inch of the top wito 
moist, washed sand, and the other two with rich garden soil. Press 
both sand and soil down firmly. 



.Adwted from ^ School Biology , BSM V|MioH. Studgn 

Laboratory anTPield investigations . Rand McNally and Company, 1963. 
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2* On the surlece ot the sand in one of the pots place bits of dead 
leaf, cooked meat, and bread. Put each of these on a different 
area of the surface, keeping them as widely separated as possible. 

In the other sand-filled pot, place a bit of cotton fabric, a bit 
of wool fabric, and a bit of nylon fabric. Again, keep them 
separated. 

3. Place the same materials on the surface of the soil in the two 
soll-flll6d pots, keeping them separated. 

Note: YoO may place enough of the sand or soil on top of the 

materials in each pot to hold them in place. 

4 . Place all four pots in deep dishes containing water. Cover them 
with glass covers. Put all of them in a warm dark place. Keep 
the soil and sand moist at all times by adding water t6 the dishes 
containing the ppts. 

5. Observe the materials once each week for an extended period. Compare 
the appearance of the different materials. Look for masses of 

mold mycelium. 

Note all changes. 

Keep a record. 

6. What is decomposition? What kinds of substances can be decomposed? 

What kinds of substances cannot readily be decomposed? What causes 
decomposition? Which of the materials that you are testing are de« 
composed most rapidly? Most slowly? Why? What differences are 
notable in the rhi«s of decomposition of the same materials on sand 
and soil? Why? What is soil? How is it formed? What is humus? 

7. What is the significance for the continuation of life on the earth 
of the kinds of change which you have observed in this experience? 

For maintenance of the "balance of nature”? 

Further Considerations ; 

Go into a deciduous forest (a forest that loses its leaves in the 
and grows them again in the spring). Locate an area where there is a^ thick 
covering of dead leaves QOuthe forest floor. Note the condition of the 
leaves at the surface of the dead leaf covering. When did they fall? Wg 
carefully into the deeper portions of the dead leaf covering. What is the 
general condition of the leaves as you dig deeper? Can you pick out the 
"layers” within the dead leaf covering which fell a year earlier than the 
top ones? Two years earlier? Three years earlier? At what point do the 
leaves lose their identity and merge into the general mass of humus? Dig 
down into the bioil. Note how the humus merges and becomes mixed with it. 
Dig down deeper. How thick is the layer of top s.oil (A-layer)? What is 
the B-layer and how does it differ visibly from the A-layer? What lies 
beneath the B-layer? What is "parent materil” in connection with soil? 
What kinds of living organisms did you see as you dug down throus^ the 
humus and into the soil? Which of these organisms played a significant 
part in the process of decomposition? How many different kinds of soil are 
there in your locality? How are they different? Why are they different? 






idea of Normal Curvea and Warping Factora 



1. Idea-Bridge: Thinking About Nomal Curvea, Warping Factora, 

and, Sampling 

2. Laboratory Experiencea 

a. Normal Curvea and Warping Factora 

b. A Study of Wind 

c. Normal Curves Describe Variation in Nature 

d. Use of Normal Curves in Distinguishing Species 

e. Guessing Cards 
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Thinking About Normal Curves. Warping Factor#. 

and Sampling 



In the natural world, related phenomena tend to vary in pattern fashion 
around a norm* If you collect a representative senile of any particular 
kind of data: the grades, or weights, or height measurements of students 

of a particular age and sex group, the sizes of beans of a particular sort, 
the temper atf’xe at 3:00 p.m* each day in the month of January of a particu- 
lar year, the readings from a measuring instrument for a supposedly uniform 
physical factor, allowing for margin of error, you will see this patterning 
around a norm. 

You can record such data in the form of a graph. On it, the norm will 
appear as the central point on the base line of the graph, and each datum 
will be a point at an approximate distance on one side or the other of the 

central point. When you do this, the data will ”pHe up", most of them at 

or near the norm, the others with decreasing frequency at greater distances 

on each side of the norm. If the sample is large enough, and if there are 

no factors operating to warp the distribution, the resulting pattern will 
be in the form of a "bell curve" or normal curve. 

Warping factors may include such things as; sex of students in a mixed 
class, wind blowing more frequently from a particular direction in the case 
of wind-scattered seeds, dice that are heavier on one side than the others, 
protective coloration in a species subject to being caught and eaten by 
predators, a catalyst causing a reversible chemical reaction to go more 
rapidly in one direction than the other. Such things interfere with the 
haphazard occurence of data and produce a warped pattern or distribution 
curve. Scientific laws are descriptions of the operation of such constantly- 
operating warping factors in the natural world. 

For phenomena to exhibit "normal curve" behavior, or for the operation of 
warping factors to be apparent, a sufficiently large and representative 
sample or collection of data Is necessary. How large is an "adequate" sanq>le 
How do we know when it is "reiresentative"? In general, we believe that it 
is sufficiently large and representative when the continued addition to the 
sanq>le of randomly chosen individuals does not change the picture presented 
by the graph. 

What kinds of phenomena can you think of that exhibit "normal curve" 
behavior? What kinds can you think of that show the action of warping 
factors? How are normal jcurves- and.jgradients .related? 
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Normal Curvea and Warping Factors 



Introduction ; 

This laboratory experience bears somewhat the same kind of relationship 
to the process of scientific investigation and the generalizations that 
result from it (hypotheses, conclusions, natural laws) that bridge-playing 
bears to real-life competition in business or politics, and that chess- 
playing bears to military tactics and war. What is this relationship? 

Materials and Equipment ! 

Pennies 

Masking tape 

Graph paper 

Procedure ! 

Toss a single penny not less than 100 times. Record the number of times 
it falls heads and tails. Are the numbers equal? If so, why? If not, 
why? Formulate a hypothesis to explain your results. Devise an experi- 
ment or set of experiments to test your hypothesis. Compare your results 
with this penny to the results of similar experiments with other pennies. 
Are the results the same? If so, why? If not, why? Formulate a 
hypothesis. Test as before. Does the age of the penny have anything 
to do with it? If so, why? If not, why? Try tossing a nickel. Does 
the kind of coin you use affect the result? What else might affect the 
result? Investigate some of these possibilities. 

Continue your hypothesis-foimlng and testing as long as you find it 
interesting, or as long as time will allow. Do not worry if you do 
not come to any definite conclusions, or if the conclusions you arrive 
at on the basis of your own experience differ from those of others. The 
conclusions that you reach are less Important than the procedure by which 
you reach them. You are actually not carrying your experiments far 
enough in any case to Justify drawing well-established conclusions. Why? 

What does a scientist mean by sampling? Kow is this related to what you 
have been doing? How well can you predict a final result after 20 tosses? 
50 tosses? 100 tosses? 1,000 tosses? How large a population of boys 
or girls would you need to consider in order to make a well-founded 
generalization concerning them? 

What is a hypothesis? What is a natural law? What is inductive thinking? 
Deductive thinking? Where have you used each type of thinking? What is 
an experiment? How is it related to an observation? To what extent is 
science experimental? To what extent observational? What is a controlled 
experiment? How does It differ from an uncontrolled experiment? From 
an observation? 
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Now take an even number of pennies (6-10>j» and toss them together, counting 
the total number of tails that show each time. Do this as many times as 
possible, up to 100. Record your results for each toss in such a way that 
the data for your total number of tosses forms a curve; 

X 

XXX 
X X X X X 
X X X X X X X 

0 1 2 3 4 5 6 

Transfer your results to a piec** of graph paper. How closely have your 
results approximated a normal curve? Why?-- Any deviation from a normal 
curve is called a skewed curve, and is due to the operation of a warping 
factor. What are warping factors? Is a warping factor at work here. 

If so, what do you think it might be? 

Calculate the total number of single-penny tosses involved in your result. 
Did heads or tails predominate in your mass result? Does this outccwne 
support or contradict the conclusions you reached in working with single 
pennies? In case the two conclusions do not agree, which do you think 
would be the more valid? Why? 

Put a thickness of masking tape on the head side of a penny. Be careful 
that the tape does not extend onto the edge of tho penny. You have now 
Introduced a possible additional warping factor into your penny tossing. 
Why did you need to be careful not to get tape on the edge of the penny? 

Toss the penny at least 100 times as you did before. Record the number 
of times it falls heads and tails . Have you succeeded in «?arping the 
heads- tails ratio by attaching the tape to the head side? If so, to 
what extent? Now try adding a second layer of tape. Repeat the tosses. 

Is the ratio changed? Add a third thickness and try it again. Add a 
fourth and repeat. Is there any evidence of a progressively increased 
degree of warping? If so, is the change consistent? 

Put a predetermined amount of tape on each of six pennies and toss them 
together as you did with untaped pennies, counting the total number of 
tails that show each time. Do this as many times as possible, up to 
100. Record your data in such a way that your results form a curve. 
Transfer your results to a piece of graph paper . Does the warping 
factor which you have introduced show up in the form of a warped or 
skewed curve? Compare this curve with the one obtained from tossing 
six untaped pennies. Is there a difference? 

Can you arrive at any sort of generalization concerning your results 
in tossing single pennies and six pennies without tape and with tape? 

Further Considerations ; 

When examples of variation with regard to a particular characteristic 
in a sample population are quantified, and their frequency is recorded 
on a graph, the result may be a normal curve. In such cases we say that. 



Number 
of Tails; 









with regard to the characteristic being studied, the individuals making 
up th© population vary around a norm. How does this differ from a 
patternless distribution? What factor or factors produce the pattern? 

Are these warping factors operating upon a pat t err* less distribution? 

What kinds of phenomena in biological and physical nature are describable 
in terms of a normal curve type of distribution? Can you think of wme 
of these that you might survey, or investigate in tiie laboratory? What 
about height and weight in adult men and women? In boys and girls of 
the same age? Any others? 

See if you can think of warping factors at work in biological or physical 
nature. Can you survey the operation of some of these, or try them ou 
In the laboratory? What about degree of cloudiness in relation to tem- 
perature in a particular month? What about sex in relation to variations 
in height of men and women? Any others? 

What is the relationship of normal curves and warped curves to the general 
phenomenon of patterns existing in nature? What kinds of patterns are 
there other than these two? What kinds of factors cause patterns? What 
is the relationship of patterns in nature to hypotheses? To natural laws? 



Introduction: 



A Study of Wind 



People who live in rural areas, and other people who work out- 
doors, are generally more conscious of the direction and force of the 
wind than those who live in cities, and whose work is in schools and 
offices, and factories. Many of the latter are only conscious of the 
wind when it reaches gale proportions, or drives rain, or drifts snow, 
or when they see in television news reports the effects of a hurricane 
in Florida. 

The wind, however, actually blows nearly all the time. Periods 
of complete windlessness do occur, but they are usually of brief dura- 
tion. Even on a calm dty, there is nearly always a breeze. 

The direction from which the wind blows is intimately related to 
the general state cf the weather, warm and cold fronts, and the move- 
ment of great continental air masses. The bahavior of these is, of 
course, in turn related to geographic location, and to the march of 
the seasons. Local features of geography, such as mountains, lakes, 
and nearness to the seashore, affect local winds, the behavior of the 
wind is also related to time of day. 

It is possible, by careful observation and record-keeping, together 
with a study of weather patterns, and the relation to these to local 
geography, to determine some of the factors that affect the behavior 
of the wind. 

Equipment : 

A weather vane mounted in a location where the wind can reach 
it freely from all directions. The material of which it is con- 
structed should be sufficiently llgiit, and its mounting of such 
a nature that the slii^test breeze will cause it to turn on its 
axis and point the direction from which the wind is blowing. 

A compass for checking directions. 

Procedure ; 

1. Observe the direction of the wind, as indicated by the weather vane, 

every day at the same time for a series of successive days. The 
longer the period of observation, the better and more interesting 
will be your results. Check the direction with the compass, if 
necessary. How steadily does the wind blow from the same direction? 

2. Summarize the results of your daily observations in the form of a 

graph. Let the horizontal axis of the graph represent the points 
of the compass, starting at the left-hand side with East , and pro- 
ceeding around the compass clockwise. The reason for arranging 
the points of the compass in this order is that storms generally 
pass across the continental United States from west to east, or 
from northwest to southeast. Why is this? 
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L«t the vertlcel axis of the graph represent the number of days 
that the wind was blowing from a particular direction at the time 
of the dally observation. 



Number of 

days 



(clockwise) 

E points of the compass 

3. From what direction did the wind blow most frequently? Least 

frequently? If no warping factors were at work influencing the 
wind direction, one mis^t expect, on the basis of pure chance, 
that the wind would be £is likely to blow from one direction as 
another. Over a long period of time, therefore, the number of 
days that the wind would blow from each of the points of the com- 
pass would be the same. 

Since It actually did blow more frequently fxom some directions, 
and less frequently from others, it is obvious that some warping 
factors were at work. What were they? See how many of them you 
can find or figure out. Listen to weather reports and forecasts 
on radio and television. Consult daily weather maps in the news- 
paper.* How are these related to wind direction? See if you can 
find a relationship between the prevailing wind direction and your 
location with regard to the general geography of the North American 
continent. Is there a relationship with local geographic factors: 
lakes, rivers, nearness to mountains, seacoasts, et cetera? 

Is there a relationship to season of the year? 

4. For a series of successive days (as long a period as possible) ob- 

serve and record wind directions at hourly Intervals from a time 
as early in the morning as possible to a time as late as possible 
in the afternoon or evening. 

5. Construct a series of graphs, one for each hour of the day when 

observations were taken. Again let the horizontal axis represent 
points of the compass, while the vertical axis represents the 
number of observations of wind blowing from each direction at that 
particular hour on different days. 

Hour of Observation (e.g. 9:00 a.m.) 



Number of 
Observations 



(clockwise) 

E ■■■■ - > points of the compass 

6. How much shifting in wind direction generally takes place In a 

single day? To what extent do days differ In this regard? Why? 

How slowly or how rapidly do shifts in wind direction take place? 

To what factors can you relate these changes in wind direction? Con- 
sider the same possibilities of relationship that are Indicated under 
(3) above. 
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7^‘ What conclusions can you draw as to tho warping factors that 

dataralna wind diraction in your locality? Cita avidanca from 
your racords to support your conclusions. 



Furthar invastigations : 

Rapaat your study at diffarant saasons. What diffarancas do you 
fird? Why? 

Velocity of the wind is measured by an instrument called an 
anamomatar. If one of these instruments is available or can be obtained 
determine wind velocity at the same time on successive days, and at 
diffarant hours of each day for a aeries of days. Sea if you can relate 
velocity of the wind to the factors listed under (3) above. How does 
wind rise and ' diminish or cease ? Why? Slowly or suddenly? What 
causes wind? What determines wind' velocity? What kinds of winds are 
there? 



o 

ERIC 



^Normal Distribution Curvei Dggcrlbe Variation In Nattiye 



Introduction ! 

There is variation in everything. Sometimes we are able to account for 
these differences. More often we are not able to do so. They are accepted 
as a fact of nature. Darwin assumed as a fundamental fact that no two living 
organisms are alike. He made this one of the bases for his theory of evolu- 
tion through natural selection. Darwin did not know about genetic mutation, 
which we nw know Interacts with the environment to cause variation. 

In nature, even among offspring of the same parentage, the Interplay of 
genetic and environmental factors results In a wide range of variation 
among organisms of the same kind. It Is rarely possible to adequately 
describe two or more living things by saying that they are "as alike as 
two peas In a pod". Even In cases where we can do so, close inspection and 
measurement will show that there are detectable differences. Among people 
only Identical twins are nearly alike. They possess Identical heredity, 
but even with them, slight differences may occur due to the Influence of 
environment. 

One way to see the occurrence of variation and Its distribution in nature 
Is by measuring a collection of lima bean seeds. 



Materials and Equipment : 

1 lb. dry lima bean seeds of the same kind 
(either large or "baby" limas) 

12 large test tubes and a test tube rack (4 oz. fruit juice glasses 
or wine glasses may be substituted. If they are made of clear, 
transparent glass) 

Magnifying glass 

Millimeter rule 



Glass marking pencil 
Graph paper 

Simple balance measuring weight In grams and fractions of grans 



Procedure : 

This experience is best carried out by individual students or by students 
working In pairs. The final results obtained by the Individuals or pairs 
may be combined at the end of the experience to provide a larger sample. 



*In collaboration with Dr. Sylvan Mikelson, School of Education, Wayne State 
University, Detrlot, .Michigan* and his graduate students.' 
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HsASure the bcAns In groups of ten* Esch "ten'* should be selected nt 
random^ e*g«, counted as they are poured out of a beg or other container. 

Measure the greatest length of each bean with the rsllllnicter rule. Deter** 
mine the length to the nearest millimeter, using the magnifying glass for 
close distinction. You will soon develop a skill in doing this, such that 
the Job will proceed relatively rapidly. 

When you have measured the first bean, file it in a test tube or glass, 
and mark the length on the glass. Do this with the second bean, if it is 
a different length, or file it in the same container if it is the same 
length. Continue until you have completed the first group of ten, setting 
up a new container every time you find a bean of a different length. Do 
your containers forma continuous series (e.g., 12 mm., 13nm. , 14mm. , ISmm. , 
16mm. , etc) , or is the series incoiqplete? Have the beans begun to "pile 
up" in one of the containers? When they do so, the length which occurs 
most frequently is called a mode. Where is it located in the series? la 
there more than one mode? Write down your answers to these questions. 

Measure a second group of ten, proceeding as before. When you have com- 
pleted it, answer the same questions asked at the completion of the first 
group of ten, and record your answers. Are the answers the same? If they 
are different, in what ways do they differ? Continue with a third group 
of ten, record the answers. Follow with additional "tens", as long as 
you have time to or care to continue the experience. Keep a record of the 
number of "tens" that you have measured. 

How many "tens" did you have to measure before new size classes 
appear? How many "tens" did you have to measure before a definite moufe became 
apparent? In which "tens" did you find the longest and shortest extremes 
of the population? Does this tell you anything about the probability of 
pulling a single bean at random from the population, which would be repre- 
sentative of one of these extremes? When a single specimen of an extinct 
race of man is discovered which differs widely from modern man, what do 
you think of the argument that it is a "freak"? How valid do you think 
it is to generalize on the basis of a single, interesting case in dealing 
with any kind of data? 

How many "tens" do you think It took to constitute an adequate sample of the 
bean population? Would your conclusions concerning the nature of the popu- 
lation have changed if you had continued beyond this point? Try to frame 
a definition of an "adequate sample" which would be applicable to any kind 
of population. 

Count the total number of beans in each size class, and construct a graph 
showing the relationship of sizes to the numbers in each size class. 



numbers 



Sizes (length in mm.) 
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To what extent does the graph showing your results approximate a normal 
curve? Would measurement of a larger sample have given you a better curve? 
On the basis of your graph, do you wish to modify your conclusions con- 
cerning the size of an adequate sample? Do you wish to add to, or modify 
your definition of an adequate sample? 

Combine the results obtained by other members of the class. Construct a 
similar graph showing results from the entire class. Do you get a better 
curve? If so, why? Is there a change in either the extremes of the popu- 
lation or the mode when the results of the entire class are cond>ined? Do 
you wish at this time to further modify your conclusions concerning the 
size of an adequate sample? 



Further Considerations ! 

How do political poll takers determine what constitutes an adeq. "^te le? 
What factors in addition to size of the sample do they have to t^ ' 
consideration? How accurate are their results? 

As you measured the lima beans, did you notice any other kinds of variation 
other than length of the seed? How about width of the seed? Shape of the 
seed? If you were to weigh all of the seeds in each size class, or an 
adequate sample of them, do you think that the weight of each seed would 
necessarily bear the same relation to their common length? Or would there 
be a normal curve of different weights within each size class? Try this 
and see, if you have available a simple balance, measuring weight in grams 
and fractions of grams. 

What about other kinds of seeds? Nuts? Fruits? Leaves? What about various 
kinds of common animals? What about humans? Is the kind of variation which 
you have studied in lima beans characteristic of all forms of life? Do 
you think that you could set up normal distribution curves for variation 
occurring in other living things? Try it in any case where you can obtain 
a sufficiently large population to constitute an adequate sample. 

What about variation in nr^n-living things in nature? What about variation 
in things that man has made? How would you describe variation in the classes 
of things that man has made? Does it differ from variation in living nature? 
In non-living nature? How? Why? 

Can variation among living things be related to survival in nature? How? 

What would be the equivalent of "survival'* in the case of man-made things? 
Would the equivalent of "variation" in the case of^-tnan^made things be 
related to this? How? 



The of Hoimal Curvcg in Plitliiguiiiim: Sp#cie» 



Introduction ; 

Since 1930, Dutch elm disease has destroyed '.Large numbers of our native 
American elms (Ulmus americana ). This diseatie is caused by a fungus which is 
carried by a bark beetle. The introduced Sioerian elm (Ulmus pumila ), some- 
times erroneously called Chinese elm, is mucii less susceptible. This species 
has been planted in this country as a shade tree for at least a generation. 

It is now well established, and in many places it is reproducing naturally. 

Materials and Equipment ; 

Millimeter rule 

Means of prersing leaves or making prints of them 
Graph paper 

Procedure: 

Collect (by cutting the leaf stem or petiole near the base) 100 full-size 
leaves frc«m each of the two species of elm trees. Press the leaves carefully, 
or make accurate prints of them. Make the following measurements and obser- 
vations on each leaf; 

(1) greatest length (not including the petiole) 

(2) greatest width 

(3) number of notches on each side of the leaf. (In the 
American elm leaves consider only the large notches.) 

Record the right and left sides separately. In determining 
"right** and "left", place the leaf top-surface downward, 
and consider right and left to correspond to your own 
right and left hands. 

Sunmfxize on graph paper all four kinds of data obtained from measuring and 
coimting. Use a single sheet for each kind of data from the two species, 
recording the data from one species in red and from the other in blue or 
blac;k. This will help you to compare the two species for the characteristics 
which you have studied. Plot on the graph the measurement or number of 
notches against the frequency with which it occurred in your population of 
100 leaves. 

( 1 ) 

Number of leaves 



Leaf length in millimeters 




( 2 ) 

■umber of leaves 



Leaf width in millimeters 



2 






C3) 

HiMtber cf 
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Notcbes on right sido 



\ 



< 4 ) 

NuBbor of leaves 



Notches on left side 



How closely does each kind of data for each species approxlmsite a normal 
curve? How much overlap (if any) occurs between the two species in each 
case? What conclusions would you draw from this as to the nearness of 
relationship of the two species? Can you write a general description of 
each species from the data that you have, in such a way that a person seeing 
them in nature could readily distinguish them? Try to do so. Tbpse ars the 
kinds of data that taxonomists use in describing species and dlstingtilshing 
them from one another. 

< 

Further Inve s tigations ; 

What is a species? Can you set up similar comparative studies for other 
species? What about species of dogwoods? What about hawthorns? What about 
oaks? Note that this kind of study is valuable only for two closely related 
species. More distantly related species are readily distinguished by character- 
istics which do not overlap. 

What is variation? Can variation be related to survival in nature? How? 

What effect would this relationship of variation to survival have on the 
characteristics of the species itself if continued over a long period of time? 
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Oueaaing Card* 



Introduction : 

As you probably know, a deck of ordinary playing cards consists 
of 52 cards. There are four suits of 13 cards each: hearts, diamonds, 

clubs, and spades. Therefore, if you attempt to guess the suit of any 
single card chosen at random, you have one chance In four of guessing it 
correctly. If you shuffle the deck each time before drawing a card and 
guessing, you should expect to be right In 25 percent of the cases, 25 
right out of 100. 

Any percentage of correct guesses higher or lower than 25 percent 
would seem to indicate one of two things, either (a) Inadequate sampling, 
i.e. , although this particular trial run exhibited a significant departure 
from expectation on the basis of pure chance, if enough runs were consld* 
ered, the results would show chance expectation, or (b) the operation of 
some warping factor of yet undetermined nature. 

Theoretically, it should make no difference whether the increase in 
the number of trial runs is achieved through a series of a great many 
runs carried on by the same person, or through combining the results of 
a large number of single runs carried on by the members of a fairly large 
group, such as the members of a class. If both of these methods of 
achieving an increase in the number of runs are used, and the results of 
the two methods are compared, the possibility of the operation of a warp- 
ing factor in the guesses of one or more individuals within the group 
can be studied 

It such a warping factor appears to be operating in the case of 
orie or more individuals, the only way of strengthening the evidence for 
its existence would be to greatly increase the number of runs for these 
individuals. The nature of such a warping factor, if one were found to 
exist, would still not be ascertainable. 

Equipment : 

A pack of playing cards. The newer the cards the less is the danger 

of their carrying any identifiable marks or clues. 

Sheets of paper numbered one to 20 

A watch with a second hand 

This set of items will need to be replicated for each team carry- 
ing on the experience. 

Procedure : 

Individuals will work in trios . One member of the trio holds nothing. 
He is designated as the *'Number One” individual. A second member holds 
a deck of cards and a watch with a second hand. He also has a sheet of 
paper numbered one to 20, and a pencil. He is designated as the ”Number 
Two” individual. The third member holds only a numbered sheet of paper and 
a pencil. He is designated as the "Number Three” individual. 
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Mumbek* two shuffles the cards thoroughly, and holds them while 
Number Otte draws a single card from any portion o f the deck. Number 
one looks at the card and concentrates on it. Number Three also con- 
centrates. thinking about the card that Number One holds without seeing 
it. and attempting to guess to what suit it belongs. Number Two looks 
at the watch and allows One and Three to concentrate for a minimum of 
five seconds. At the end of this time. One shows the card to Two, who 
pyrites down the suit of the card on his sheet of paper in the space 
marked ”l.” One checks the correctness of the suit that Two has written 
down. Three writes down what he guesses the suit to be in the corres- 
ponding space on his sheet of paper. 

The trio repeats this action, shuffling the deck each time a cwd 
is drawn, until One has drawn cards, and concentrated on them, and Three 
has guessed them, 20 times. Then, Two writes One’s name on his paper, 
designating himself as "guesser." No comparison oT the sheets is made 
at this time. They are given to the teacher or other person in charge 
to hold for final tabulation. 

The members of the trio now exchange Jobs. Number One becomes 
Number Two, dumber Two becomes Number Three, and Number Three becomes 
Number One. The procedure is repeated, with each person filling a new 
Job. This is continued until each person has filled each of the three 
Jobs at least once. Since it will not be possible to complete this 
cycle in a single period (Why might it be desirable to do so from the 
experimental standpoint?) tht work should be taken up the following 
period at the point where it was left off. It would be desirable for 
each person to serve in each capacity five times (five runs of 20 eac 
equal 100), if this is possible. Any number of times, 20 to 100, may 

be used, however. 

It would be well not to tally the results of the experience as 
recorded on the sheets until the entire experience is completed. The 
teacher should then compare the series cf sheets prepared by each 
"viewer' and "guesser" (pair), and tabulate the results for class inspec- 
tion. 



How closely did the results in the case of each student in his role 
as "guesser" correspond to chance expectations? Were there as many 
indi^duals whose guesses were less frequent than ch^ce as • 

those whose guesses wre more frequent than chance? When 
all individuals in the class are put together, how closely do ey 
correspond to chance expectation? 



Were there any individuals whose guesses were verjr great^ in exces 
of chance expectation? If these individuals took part in 
one cycL ^ on different days, were their results consistently 
Were there any individuals whose guesses were marke^ less frec|uent 
than chance expectation? If these individuals took part in more than 
one cycle on different days, were their results consistently 1^? 

Do you think that any warping factors were at work in the card 
suesslng which took place? Do you have any hypotheses as to what these 
warping factors mi^t have been? Is there any evidence that people 
can read each other’s minds? That some people can read minds, while 
others cannot? What do you think about the whole business of 
sensory perception? What complications would exist in society if mind 

reading were really possible? 
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Further Experimentation ; 

Try additional runs for individuals who have shown much greater - 
than-chance and much less - t han-chance guessing ability. Have them 
work with different partners than they did before. ^ Does their perform- 
ance remain consistent? 

Try having Number One draw the card and concentrate on it without 
turning it over to see what it iSy then, still without looking at it, 
showing Tt to Number Three who writes it down. Compare the lists 
prepared by Number Two find Number Jhree as before. How do the results 
compare with those obtained when Number One looked at the face df the 
card while he concentrated on> it? 

Try having the *'guesser” concentrate on a deck of freshly suffled 
cards and guess the suits of each of the top 20 cards as they lie in 
the deck without r^oving them. Try tttd same thing before the cards 
are shuffled. See if the **guesser*' can predict Ifae order that the top 
20 cards willh3»|:e in after they are shuffled. What are telepathy, 
clairvoyance I and precognition? How do they differ from one another? 
What evidence is there for the existence of each? 

Try to see if it is possible to influence the fall of a pair of 
dice by concentrating on them. Figure out the combinations of dice 
which fall most frequc^ntly with normal chance expectancy. How can you 
do this? Try having on© person, throw the dice and another attempt to 
influence the way. they fall by concentrating on them. What is 
telekinesis? Is there any evidence for its existence? 



Idea of Gradients 



1. Idea-Bridge: "lliinking About Gradients” 

2. Laboratory Experiences: 

♦a, ”A Gradient: The Effect of pH on Yeast Activity” 

«b. "A Growth Gradient in Nature: An Experience for Early 

Spring” 

Sc. "a Gradient for the Separation of Pure Chemical Substances: 
Paper and Thin Layer Chromatography” 

sd. ”A Simple Learning Curve” 



sincluded in Bulletin No. 313, NDEA Title III, Open-Ended Laboratory - 
Centered Science for Grades 7-8-9 . Michigan Department of Public 
Instruction, Lansing, Michigan, 1965 , 



Thinking About Gradient! 



There are no sharp boundary llnea in nature* Related classes of natural 
phenomena grade Imperceptibly into one another in any area where they laeet. 
This is true of related species of plants and animals, of races of men, of 
dull and bright children, and of physical phenomena, such as temperature, 
relative humidity, barometric pressure, light. It is true of the features 
of the earth's surface, such as slope of the land, height above sea level, 
salinity of bodies of water* It is even true of the chemical elements of 
which the natural world is made. They intergrade through temporarily 
radioactive Isotopes that change into something else by the ejection of 
sub-atomic particles. Can you think of any classes of things that do not 
esdiibit intergradation? 

rhe natural world is not a world of "blacks'* and "whites", for the 
gone 5 between "black" and "white", in all cases, are occupied by various 
"shades of gray". A progression from "white" to "black", through all of 
the possible "shades of gray" that lie between, is called a gradient. 

There are many good examples of gradients. There is a gradient of 
decreasing annual temperature as you go north from the equator to the 
north pole. There is a gradient of decreasing annual rainfall as you go 
west in the United States from the Atlantic Coast to the Rocky Mountains. 
There is a gradient of decreasing light from noon until an hour after sun- 
down on any particular day. A stream exhibits a gradient of decreasing 
elevation above sea level from its source to its mouth. A child shows a 
gradient of growth in height from its birth to adulthood. There arc 
gradients of increase and gradients of decrease, rising as well as fall- 
ing gradients. There are many gradients of change from one state to another. 
All gradients exhibit continuous directional change. The process of learn- 
ing exhibits a gradient of increasing skill or other change* Evolution ia 
a gradient of directional change through time. 

How many different gradients, or kinds of gradients can you think of? 

Can you think of any sharp boundary lines in nature? 



Introduction; 



Ibthlns nxUtn nlonn. Every livln* orgnnlnn nnd every Mt 
rrttir'iS.r«;t. with the thing, .round it yothtn, .tend. »tlll either, 
■rorything In th. unlver.* 1. con«t«itly chuglng. W. cm dnnonnt 
ttl^th. kind Md quMtlty of chMg. Which occur. In m orgMlM 1. 
<l«p«nd 0 nt on condition* of tho •nvlyonii*nt. 

n»m mmv that WO cm s«o thl* 18 ixy watching and noaiuiflng tb8 aiKJunt of 
«Mt .ctlvlty, in t.m. of the Mount of CMbon dioxide 5'^““^’ 

M^nvlronnenU of v«ylng pH ItTZ 

•ovlromMnt. cm be conetructed to conetltute n gredlMt fro« estrMe 

acidity to axtra^a alkalinity. 



Matey tala and lciulp*ant f 

One cake or envelope of dried yeaat <Red Star or Flelachman**) 

Mt tube* without rl*a: 2 . a^re*— laam, x lOOm. and ISwa. x 150««. 

Teat tube rack 

pH pMer, pHydrlon pMer dApenaer AB pH 1 to 11 (n .tMderd Inb ItM) 
Teat tube brush 

Solution*: 6N Na OH* and 6M HCl* 

Table sugar (sucrose) 

Staple balance for weighing In gram* 

Graduate cylinder, 100 ml. (1 milliliter equal* 1 cubic centimeter) 

Centigrade thermometer 
Five beakers or small jar* 

Two quart jars for dissolving sugar and yeast 
Millimeter rule 

Aluminum foil for covering jar* (if desired) 

Wax pencil for labeling test tube* 

Graph paper 



Procedure ; 

WM 4 Mh s(hr of suaar and dissolve it in 500 ml. of water at approximately 
(« to finger). Thl. 1. .pproxlMt.ly . 10 per cent .olutlon. 



PlM. y.Mt in »00 nl. of lukewwtn weter (Mproxlnately 3T®C.>. Stir to 
break it up and shake it well. 



no prep.re . 6H solution of H-5H. dlSMlve 240g. of »«eV“ 
to make a liter. Since most commercial preparations of concentrated HCl 
are approximately 35 per cent hydrogen chloride, dissolve 600 ml. of 
Concentrated HCl in enough water to make a liter. 
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Fro* ibis point students should work in snail groups. 'Hiero should be 
flv« such groups, ssch working with 100 nl. of solution. Each group will 
obtsln and work with a solution of different pH (pH 1, 4, 7, 9 and 11). 

A range of difference such as this is an exaaple of a gradient. A pH of 1 
is very acid, a pH of 7 Is neutral and a pH of ll Is very mlkallne (or baalo). 
This gradient therefore rangea iron extreme acidity to high alkalinity. 

lech group should follow these directions; 

1. Put 100 nl. of yeast-sugar solution in a beaker or snail Jar. 

2. Adjust to the desired pH by adding XaOH or HCl, one drop at a tine 
until the pHydrlon paper indicates the desired alkalinity or acidity. 

3. Put 20-23 nl. of this solution Into each of three of the larger test 
tub^s. If you pour a aMiasured amount Into one test tubey you nay 
sinply pour the others to match It. 

4. The next step Is tricky. Practice the procedure with plain water 
until you are sure that you can do It before attempting it with the 
yeast-sugar solution. 

Fill the snail tube with liquid fron the 20-23 ml. quantity In the 
large tube. 

Capsize it quickly in the large tube so that It la conpletely sub- 
merged, open end down. 

Hold your thumb over the open end of the large tube and turn It upside 
down, so that all of the air in either tube Is collected In the bottom 
(now turned upward) of the large tube. 

C!arefully turn the large tube upright in such a way that the bubble of 
air passes upward past the open end of the small tube without entering 
It. 

The small tube Is now completely subsMrged, open end down In the large 
tube, with no air in It. 

Your yeast Is no’<ir ready to carry on activity 

5. Label the teat tubes according to pH, and place them upright In the 
test tube rack. Leave them at room temperature for 24 hours. 

6. At the end of the 24-hour period, measure with millimeter rule the 
amount of gas produced In each tube. The gas produced Is OO^i an end- 
product of the oxidation of the carbohydrate, sucrose. The amount of 
gas produced is an index to the amount of yeast activity (fermentation) 
which has occurred. 

7. Compute the average amount cf gas produced In the three tubes of the 
same pH. 

Pool the data for all groups and record on graph paper, plotting 
millimeters of gas against pH value. 
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What i» th 0 optlauia pH lor y«aat activity? Doaa tha axtoat of yaaat 
activity in tb« sariaa of tubas constituto a fradi^nt? If so, bow would 
you dsscribs it? Wbat is tb« rolatlonshlp of this to tbo pH fradient? 

Can you think of aa axplanatlon for what you obaarva? Is tha axtant of 
yaast activity tha saaa In aach of tha thraa tast tubas with tha Sana pH. 

Why la tha exparimant »ora valid with thraa tubas of aaoh kind rathar 
than only ona. 

Furthar lovastigatioas : 

Whan you have datarmlnad tha optioum pH for tha activity of yaast, you 
■ay invaatiwata tha ralationahlp of yaast activity to othar gradiants. 

Maintain tha optlwun pH, as you hava dataminad it, and aat up: 

A gradiant of nutrition using varying concantrationa of sugar as a 
food source. 

A gradiant of salinity, using varying solutions of table salt (KaCl). 

Ba sura to start with vary dilute solutions at one and of your gradient. 

A gradiant of chlcrlnation, using varying dilutions of conmarcial Clorox 
as a chlorine source. Hera again ba sura to start with vary diluta solutions . 
DataviBioa tha killing point. How is this related to purification of water 
supplies? 

Your original axperimant will produce measurable results more quickly if 
you use heavier concentrations of yeast to seed tha culture. See if you 
can get measurable results in a single class period in this way. Try a 
gradient of yeast concentrations at the optimum pH. 

Tour yaast will grow, as well as show activity at any particular pH, if 
you add a bouillon cube to the 100 ml. cf yeast-sugar solution. This will 
furnish some nitrogen for the yeast to utilize in growth . 

The natural world is full of gradients which interact with one another. 

There are no sharp lines in nature. Scientists think of nature as a 
continuum. Try to frame a definition of this word. 



See: "Experiences with Bacteria in High School Biology," Sister M. 

Paulinus. O.P. , American Biology Teacher , Volume 22, Number 6, Pages 32S-332, 
June 1960. 




♦A Growth Or»di»nt in Wttur«> An l«pTl»nc» for I»rly Spring 



iBttodiictioPi 

Ifoar you It « wild ehorjry traa or paiiu^t m old tppla traa which attraett 
taat catarplllara, lhay attach othar tpaciaa of treat alto, but wild 
cherry and apple treat are coouboh. lha adult noth (MalacotoMa anerlcaaa ) 
layt three or four hundred eggs in a band encircling a snail twig of the 
tree. Ihlt band, about one*half inch wide, It rounded at the andt, and It 
covered with a waterproof, protective "varnlth". the anbryos develop 
before winter, but do not enarga fron the eggt until the following spring. 

Itch student (or group of students) should record observations of one 
colony fron the tine the eggs hatch until the caterpillars leave the tent 
(about three or four weeks), lech student or group should locate three 
to five egg nasses, to increase the chances of having selected a live one 
to observe. 

Procedure • 

Observe the colony before the eggs hatch and as soon as possible afterward. 
Record the length of 50 or nore caterpillars at least three tines a week 
(nore often If possible). Make your observations at the sane tine of day, 
using as uniform methods as possible. 

Record your observations on a record sheet (as shown). Note that the 
sheet provides space for recording weather information and the condition 
of the foliage of the tree. 

While you are observing the growth of the caterpillars, you will discover 
many other Interesting reactions and habits of these aninals. As cater- 
pillars eat and grow, they molt (shed their exoskeletons) several times. 

Do all the caterpillars of one colony molt on the sane day? Find a 
caterpillar which is in the process of molting. Watch the old exoskeleton 
split and the caterpillar crawl out of it. Describe the process. 

Watch a caterpillar eat. How does it eat? How does caterpillar feeding 
behavior vary with the weather (teuperature, cloud cover, rain)? Some- 
tines you will find most of the caterpillars in the tent. At other times 
they are all out feeding. Can you nake a generalisation to describe the 
relationship of "all in" or "all out" with tine of day, or with any 
physical environmental factor? 

What, if any, is the relationship between time of emergence of the cater- 
pillars and growth of leaves on the trees? How can you account for the 
trees being able to survive annual infestations of caterpillars? What kinds 
of birds, if any, eat tent caterpillars? 

How do the caterpillars find their way back to the tent? Devise an experi- 
nent to test your answer. Where do the caterpillars go when they leave the 
tent for good? Where do they pupate? How long do they remain in the 
pupa stage? 



exn collaboration with Dr. Beth Schultz, Departnent of Biology, Western 
Michigan university, Salamasoo,. Michigan. 



‘miA SHEET TIMT CATERPILLAR GROTO! 

Colony m»bor: Invaitlgator 

Location: Town (or other) - - - - 

Trae Special — - 

Haight above ground: Dlitanca from main axli of tree: 

egg naii: •Eif «aia: . 

tent* tent: — — 



Data aggi hatch: 



Data leaf budi burit: 
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When your fieid study if cowploted, plot on a simt of graph papar tha 
avaraga langths of tha catarplllara from tha colony that you hava atudlad, 
for aaoh'day that you hava naaaurad tham: 
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The graph that you have constructed will show the growth rate of the cater- 
pillars. HOw will you know when they are fully grown? Is the gradient of 
growth the same for all colonies that the class has studied? Is tha growth 
curve smooth, or are there irregularities in it? If there are such irregul- 
arities, how can you account for tham? 

Further Investigations ; 

What other growth gradients can you study? How would you go about studying 
growth gradients in humans? What environmental or other modifying factors 
would you look for in a human growth gradient? To what extent is it possible 
to account for differences in the growth gradients of individual humans? 

Plan an experiment to study a growth gradient in a green plant. <What environ^* 
mental modifying factors do you need to consider in making your plan? 



♦A Oraditnt for the Separation of Ch«Pic»l Subetancti; 
PaPT •nd Ihin LayT Chronatography 



Introduction ; 

One of \^e most valuable techniques which biochemists have at their disposal 
for separating small quantities of pure substances from a mixture of similar 
chemical compounds is that of chromatography. Two applications of this are 
paper chromatography and thin layer chromatography. You can demonstrate 
these for yourselves, using any solution which consists of a mixture o 
similar compounds that show color. 



A small quantity of the solution is placed on one end of a strip of filter 
paper, or on a thin layer of an absorbent substance on a glass 
slide. A liquid (water or other) which will dissolve .the coa^unds i 
mixture is allowed to creep up the paper or the absorbent substwice on the 
glass slide, to and through the spot where the mixture has been placed, 

and beyond it. 



A. the lolvent creeps along, it pulls the compenents of tte 

■acb coBponent, however, travels at its own rate. In this »«y individual 

ooaponents become separated, and whM the solvent dries, each is • 

pure form apart from the others, so that each now makes a separate spot on 

the paper or slide. 



in chemical analysis, each o* the separatml components may be rMsovMl and 
its quantity accurately determined. 



Materials and Equipment ; 

Olsss cylinder 150mm by 38mm (a glass bottle of 

used, but cylinders of this typo B 19 be purchssed from Pisber S^ontifi 
Company at $le35 each, with a 10 per cent discount in lots of a dozen, 
catalog number 8*>535e 



Silica gel (this may be obtained from Brinkmann 

Great Neck, Long Island, Hew Yorke The price is approximately $6e 00 
per 500 grams.) 



Filter paper cut into 1/2” x 4” strips 



Rubber stopper, Noe 8 
Flat wooden tooth picks 



Paper clips 
Microscope slides 



sin collaboration with DTo Thomas F. Brodasky^ and Dr, Stanley Owen 
The Upjohn Company, Kalamazoo,. Mlchlgane 
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Tro piecM of single strength window glass l" x 6" 

One piece of single strength wlttdow glass 4" x 8" (this and the 
preceding item can be cut in the school shop, or obtained from a local 
glass-cutting establishment.) 

Food coloring, several colors (powder or in water solution) 

Washable ink, several colors 
Procedure ; 

This experience will require two or more laboratory periods. Work in groups 
of convenient size. If more than one cylinder or bottle is available 
several groups can test different solutions at the same time. 



I 



) 



Piq»er chromatography: 

I. Dip the small end of a wooden tooth pick one-third to half its length in 
the solution to be tested, and lay the narrowest dimension of it flatly 
across the strip of filter paper about three-fourths inch above the lower 
end of the strip, making a narrow band completely across the strip. It 
is important not to apply too much of the material. Too heavy application 
will result in poor separation of the components. 

a. Bend a paper clip to form a small hook 
which can be affixed to the bottom 
of a rubber stopper. 



3. Suspend the strip of filter paper fiom 
the rubber stopper by attaching the 
upper portion of it to the hook 

4. Put a sufficient amount of water into 
the cylinder to allow the lower end of the 
filter paper to extend into the water. 

Be careful not to allow the water 
to come in contact with the material on 
the paper. 

5. Place the rubber stopper carrying the strip of 
filter paper in the neck of the cylinder. 

6. Allow sufficient time for the water to migrate up through the filter 
paper to the top. 

7. Remove the filter paper and dry it as quickly as possible. What has 
happened? Compare- the result* of this technique, using as many colored 
solutions as you can. 

Thin layer chromatography: 

1. Place the two l" x 6” glass strips on top of the 4” x 8" glass plate. 

2. Two microscope slides may be coated at a time. Place the slides end 
to end between the l” x 6** strips. 
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3. 



4. 
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Mix a small amount of silica gel with 
a small quantity of water, this 
will result in a mixture called a 
slurry f the consistency of which will be 
thicker or thinner, depending on 
whether you use more or less water. 

It is advisable to keep the sluriry 
thin, since this will result in thin- g 

ner films, which will produce better 
suspensions. Some experimentation 
may be necessary on your part to achieve 
a slurry which is of the right consis- 
tency to spread thinly and evenly, but 
not watery enough to run. 

Pour a small amount of slurry on the micro- 
scope slides, and level it off by drawing 
a third slide across the l" x 6" glass 
strips. Again you may have to experiment to 
find the right amount of slurry to use. 

Allow a few seconds for the slurry to begin to 
set. Then remove the slides, wipe the glass 
pieces clean,, and prepare more slides as 
needed. 



4” 




6. It may be necessary to add a small amount 
of water to the remaining slurry from 
time to time, as it will begin to set. 

Be careful not to add too much. 



7. Allow the thin layer plates which you 
have prepared to dry overnight. You 
may dry them more quickly with forced 
temperature conditions, but be sure that 
they are dried thoroughly. 



8. Dip the small end of a wooden tooth pick 
one-third to half its length in the solu- 
tion to bo tested, and lay the narrowest 
dimension of it flatly across the slide 
about three-forths inch above the lower 
end of the slide, making a narrow 
band completely across the slide. Do 
not apply too much of the material. 

9. Place the slide in the glass cylinder, to 
which has been added a small amount of water. Be 
careful not to allow the water to come in contact with 
the applied material. 

10. Place the rubber stopper in the neck of the cylinder, and allow sufficient 
time for the water to migrate up through the silica gel to the top of the 
slide. 
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11. RoMove the slide carefully and dry it as Quickly as postibl'e. 

What has happened? Compare the results, using different colored solutions. 
Compare the results with those obtained from the filter paper. If you were 
planning to use chromatography as a quantitative method of analyzing the 
components of a mixture, do you think that one method might yield more 
accurate results than the other? Why? Can you think of any specific situ- 
ations where method mi|^t be better adapted than the other? Why? 



Further Investigations ; 

Some substances are soluble in alcohol as readily as in water or more so. 
Others are not. Try dissolving food, coloring or other pigments obtainable in 
powder form in ccmmierical rubbing alcohol. How well does this work? Try 
the paper chromatography technique, using alcohol wherever water is indicated. 
What results do you get? Try the silica gel thin layer technique, using 
alcohol in all steps where water is Indicated. What is the result? Explain 
any differences in results that you obtain. 

Bow is chromatography (paper and thin layer) explainable in terms of a 
gradient? How could you quantify (express in terms of quantity) the amounts 
of each component in a mixture, separated by chromatography methods, without 
resorting to detailed chemical analysis? Remember that measurements are 
expressions of relationship. 

Bow long has chromatography bmmi in use by chemists? To what extent is it 
used in modem chemistry? Think of ways in which you miiiit go about finding 
answers to these questions. 



Introduction* 



♦A Staple Learning Curve 



The process of lear^ng a skill does not differ basically In animals, 
regardless of species. Psychologists use rats, pl^^ns, monkeys and 
other lower animals for experimentation in studying the learning process. 
When you sot out to learn, however, you utilize the same process. A 
skill Is Improved by repetition and the rate aud degree of Improvanent 
can bo measured and recorded In the form of a curve on a graph. 

When a scientist sets out to study a problem, he reduces the problem 
to as simple terms as possible. In order to observe the learning process 
at work In ourselves In readily measurable fashion, therefore, we choose 
a single simple task, and measure the Increase in our skill In scccapl- 
Ishlng It In terms of time. 

Materials and Equipment ; 

Piling cards, 3" x 5” 

Scissors 

Envelopes 

Stop watches (clocks or watches with visible second hands nay 
be used, but will give less accurate measurements) 

Graph paper 
Procedure ; 

In this laboratory experience you will work In pairs. Draw straws or 
flip a coin to determine who will be ”Student A** and who will be 
"student B". 



Both of you will cut a 3**x5" filing card Into 10 pieces. The pieces 
should be approximately equal In size, and of as many shapes as possible. 

The cuts, however, must all be along straight lines. It Is best to draw 
lines (lightly with pencil) to Indicate the cuts before doing the cut- 
ting. The pieces should then be placed In an envelope marked with your 

name. 

Student A now administers the test to Student B. He should rule a 
piece of paper with two columns. One column is headed Trial and the 
other is head Time . He should be provided with, a stopwatch, or a clock 
or watch with a second hand. You are now ready to start. 

Student A empties the envelope on his partner's desk, covers the pieces 
with his hand, and when Student B is ready, removes his hand and punches 
the stopwatch or notes the time in seconds on the data sheet. Then he 
mixes the puzzle again, covers It, coid runs a second trial. This is repeated 
until Student B is not able to lnq>rove his time for three or four successive 

trials. 



•In collaboration with Mr. David T. Smith, Coordinator of Science, Tucson 
Public Schools, Tucson, Arizona. 



Record your reeulta ou greph pepcr as indicated in the following diacran, 
plotting nuaber ol trials against tiae. 
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You now trade places. Student B administers the test to Student A, using 
the puswBle that he has prepared. All other procedure is the same. 

Compare your results with those of your partner. Are there any dif- 
ferences? Try to account for them. . Compare your results with thosi of 
other members of the class. Try to account for any differences that you 
find. Are some puzzles more difficult than others? Was the technique of 
administration the same in all cases? See if you can make the conditions 
of the experience more uniform, and try it again. Try to devise an 
experience by which the relative speed of learning of all members of the 
class may be compared. If this is expressed in the form of a curve, what 
kind of curve would you expect to get? Does learning how to put one 
puzzle together improve your learning rate in putting together a second 
puzzle? 

Further Investigations ; 

Try further tests of learning ability, utilizing more complex typos of 
learning experiences. Remember that you must deal only with situations 
that you can measure. What kinds of measurement can you devise? 




Idea of Extrapolation and Interpolation 

1, Idea Bridge: "Thinking About Extrapolation and Interpolation- 

Making Judgments on the Basis ot the Data That We Have" 

2. Laboratory Experiences: 

a* Extrapolating and Interpolating from a Graph 

b. Alternative Hypotheses: An Experience in Extrapolation 

c. Looking for Patterns in Behavior 

d. Extrapolation in Terns of a Problem: A Science Fiction Story 




IHinklng About Bttrapolatlon a nd intTpolatlon? Making Judiaonta 
on tha Baaia of the Data That We Hava 



"Tha only way wa hava o£ Judging tha futura la by tha paat.” ”A laopard 
cannot change hla apota.” **Aa th© twig la bant-—*.” "Hlatory repaata 
itaalf." How many othar provorba can you think of that aay tha aama 
thing? Long before the advent of modern aclance people ware trying to 
look Into tha future to aaa what It waa likely to bring, and tha only 
way that they could do ao waa to atudy tha paat, project any trenda 
that they found there Into tha future, and aaaume that theae trenda 
would continue* 

One of the baalc aeaumptlona of acience la the principle of conaiatency. 

A aclentlat aaaumea that tha behavior of the unlveraa la not caprlcloua, 
but la deacrlbable In terms of consistent laws, such that when two sets 
of condltlona are the same, the same consequences may be expected. Non- 
sclentlsts, even uneducated people, assume the same thing* Why do we 
expect the sun to rise In the east each morning? Because it has always 
done so. Why do we expect a book to be where wa left it (assuming that 
no one has moved It, and that It has not been moved by aome force of 
nature)? Because all of our experience Indicates that books do not move 
of themselves. 

Why do we expect water to flow down hill, electric current to flow through 
lamps and make light, or through heating elements and give rise to heat, 
and other forms of energy to change form and do work? Because natural 
laws have described accurately the way that physical nature has behaved 
In the past, and by the principle of consistency we expect that they will 
continue to do so In the future. Even In the days when people believed 
In. magic, they did not believe In an anarchic and capricious world* They 
believed in "laws of magic" which they held to be conslstMit, dependable, 
and subject to use by those who understood them. 

If a scientist wishes to estimate what the population of the world will 
be In 2000, he studies the census figures taken at Intervals during the 
present century, determines the rate of population growth at the present 
time, and projects this forward to the end of the century. This Is 
called extrapolation. If a writer wishes to write a plausible science 
fiction story, he studies the results of scientific research up to the 
present time, considers what we may reasonably expect to be the results 
of research In fields where research Is active, and then writes his 
story as though we were now In the future and these things had already 
taken place. 

Not only science fiction writers, but scientists themselves do this. 

Thus there Is serious consideration of the possibility of artificial 
hearts, replacement of whole organs from organ banks, manipulation of 
the heredity of man and other organisms, weather control, chemical 
control of human behavior, synthetic food, and simple forms of life 
produced In the laboratory. All of these are only extensions of 
research that Is already well advanced. Hils also constitutes extra- 
polation. On the other hand, there Is no serious talk of travel 
backward In time, because there Is no basis for the possibility of this 
In any present-day research, or by the application of any principles 
that we now know. Here there Is no basis for extrapolation. 






interpolation ia related to extrapolation. It conaiata o« filling in 
the gapa” between data that we have, rather than projecting forward from 
data that we have. We have two tenperaturea taken aucceaaively at 
different tinea during an experiment when the temperature waa increaaing 
at a conatant rate. We need to eatimate what the temperature waa at a 
point midway between theae timea. We arrive at an eatimate by inter- 
polation. We aaaume that the temperature likewise waa at a point midway 
between. Here again we have made a Judgment on the baala of the data 
that we have, aaauming the operation of the principle of conaiatency. 

The acientiat’a use of extrapolation and interpolation ia nothing more 
than a formalization and extension of the common-aenae practice of 
estimating the future on the basis of the past, making reasonable pre- 
dictions on the basis of what ia happening now, and filling in the gaps 
in what we know with reasonable approximations. 



A 



Extrapolating tnd Inf rpolating froa a Graph 



I ntroduction t 

Conatructing a graph that records quantitative data is ot value because 
the graph makes it possible to visualize relationships, and makes it 
easy to extrapolate and interpolate from the data. Data can be collected 
in quantified form by weighing or measuring with simple equipment or 
equipment of varying degrees of complexity. The simplest way of collecting 
quantified data is by counting. 

In the following laboratory experience, you will study a simple relation- 
ship through counting. This is a relationship that you look at every day, 
but probably have not thought of. Ordinarily you use a clock to tell 
time. In this case you will be using a clock to study the relationship 
of two constant rates of movement. 

Materials and Equipment ; 

Clock having a round face with an hour hand and minute hand, 
and with spaces marked to indicate minutes. 

Graph Paper 

Pencil 

Ruler 

Procedure ; 

1. Carry out this experience without reference to time of day. You are 
not concerned with "what time it is," but only with the action and 
relative positions of the two hands on the clock face. 

2. Note that the clock face consists of a circle, marked off into 60 
spaces of equal length, which for the purpose of this experience^ we 
will call "minute-spaces." Note also that there are two "hands 

the longer one is the "minute hand," and the shorter one is the "hour 
hand." These are fastened at the center with the outer ends left 
free. Each hand moves around the circle at a constant rate of speed, 
the minute hand moving faster than the hour hand. At regular inter- 
vals, they come to occupy identical positions horizontally, with the 
minute hand directly above the hour hand. How often do they do this? 
What relation does this have to marking the passage of time? 

3. Start the experience at any point on the clock face at which the 
minute hand is exactly above the hour hand. Record this position 
in your notes. 

4. Observe that as the minute hand moves beyond the hour hand, the 
number of minute-spaces between them Increases. 
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5. CBimt the nmber of ninute speeee between ^e> et ““ 

intervals, figuring fractional spaces to the nearest full nlnute. 

a, after 7 minutes 



be after 13 minutes 

c. after 18 minutes 

d. after 32 minutes 



e. after 36 minutes 
..f, after 45 minutes 

6 Record those data on a piece of gr«ih paper with the horizontal axis 
■ representing number of minutes, and the vertical axis representing 
number of spaces : 



Number of 

spaces 



Number of minutes 

7. Draw a line connecting the positions ott the graph. Describe the line. 
What are its characteristics? Why? 

8. By extrapolation, place a dot at a point indicating the number <>* 
spaces by which the hands would be separated after 56 minutes. Alter 

62 minutes. 

9. By interpolation, place dots at points indicating 

by which the hands were separated after 27 minutes. After 41 minute . 

10. can you. by extrapolation, indicate the number of spaces 

hands would be separated after 75 minutes. 89 minutes, and 97 minutes, 
if it were not for the physical limitations of the 

a clock be made where this continued relationship would be possible? 

If so how? What is the relationship which your graph is showing, 

Vna Vs tSere any reason why this relationship should ^®. 

limited to the possibilities of any clock face or any other physical 

device? 

Further Investigations ; 

Fasten a yard stick or meter stick in a horizontal position. Suspend ^ 
small weiAt from a string above it to make a pendulum. Start the pendulum 
I^iging. Urand record on a graph the length of the swing. Let the 
vortical axis of the graph represent length of owing, and the horizontal 
axis represent time. Note and record at regular intervals as the pendulum 
^s down.” After several recordings, extrapolate the line on your graph 
to the point in time when the pendulum will cease to swing, ^ter doing 
this, continue your observations and test the hypothesis based on your 

extrapolation. 
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WouXd It b« poisibla, utilizing the same principle by which the kind of 
clock you have been using is constructed, to make a clock which would 
mark the passage of days, weeks, months, years, centuries? What diffi- 
culties would be encountered if one should attempt to make such a clock? 

TO what would these difficulties be due? Could they be corrected? Par- 
tially? Wholly? If 80, how? If not, why not? Has such a clock ever 

been made? 

What difficulties have been encountered in the making of calendars? What 
has been the history of calendar making? What people have made calendars 
and in what periods of history? How have various attempts to make calendars 
differed from one another? To what extent have calendar inaccuracies be^ 
corrected? How has this been done? To what extent do inaccuracies ®*iii 
persist? Why? How are man’s attempts to make calendars related to the 
process of extrapolation? 



Alternative Hypotheiai; An BcpTlence In EKtrapolttlon* 



Introduction ! 

All prediction Is extrapolation, whether It occurs In connection with using 
scientific data or In everyday living. Everyday living relies heavily on 
prediction. We assume that things and people will continue to behave as 
they have been behaving. When we say that a person Is behaving out of 
character” we mean that we would not have predicted this particular 
behavior on the basis of what we knew of him. His behavior Is contrary 
to the extrapolation which we had made based on our previous experiences 
with him. If it were not for our assumption (prediction) that the people 
and things with which we deal would continue to behave In character , our 
world would be a chaotic place in which no rules held true. 



Likewise all extrapolation is prediction. Any hypothesis that we set up 
involves extrapolation. A hypothesis Is a proposed tentative 
Cor solution, or conclusion). What we are saying is. All of the data that 
we have can be explained In this way. If or when future data are discovered, 
they should likewise fit this explanation.” We are extrapolating on the 
basis of the limited data that wo have. We are predicting the nature of 
the additional data that we expect to find. 

It is frequently possible or necessary to set forth several alternative 
hypotheses. This is particularly likely to be true when the data that we 
ha^ are extremely limited. In this case we are making several alternative 
extrapolations (predictions). We continue to look for additional data, an 
when we find them we see which of the hypotheses they best fit. Sometimes 
they do not fit any of the hypotheses that we have set forth. In such cases 
we have to modify one or more of our hypotheses, or even make one or more 
new ones. We must continue our search for additional data, and for an 
adequate explanation of them, until either (1) we are abl^ to 
of the data with a single hypothesis and rule out all others, or (2) we 
find that we cannot obtain a sufficient number of data to narrow the 
field to a single hypothesis, in which case we have to leave two or more 
hypotheses at the level of "possibly true. 



Materials and Equipment: 



Pencil and paper 



Blackboard and chalk 
Inch rule or millimeter rule 
Procedure : 

1. Place four dots on a piece of blank paper, each one equidistant from 
two of the others, in any arrangement that you wish. 



♦This laboratory experience is based in part on A Demonstration ‘**® 
Use of Alternative Hypotheses,” by Charles H. Coleman, in School Sc i e n c e 

and Mathematics 66:81-85, January, 1966. 
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See how many different arrangements you can think of in which this is 
true. Compare notes with your classmates, or place all arrangements 
on the blackboard. Be sure that you have exhausted all possibilities 
of arrangement. How many arrangements are possible? 

3. Now, for each arrangement, see how many figures you can draw so that 
your four dots constitute points on its perimeter (square, rectangle, 
circle, triangle, figure X, figure 8, and so forth). Again compare 
notes with your classmates and/or put all figures on the blackboard. 

How many figures are you able to make? 

Your ^our dots constitute four bits of data in the solution of a problem, 
or a series of related problems. Each figure constitutes a hypothesis, 
which sets forth a possible solution for the problem, A hypothesis is 
a projection Into which data that we do not now have, but may ultimately 
discover, will fit. If the future data fit the hypothesis, then the 
hypothesis is correct. In the case of each of these figures. It Is 
assumed that all future dots will fit Into the perimeter of the figure, 
supplement the four that you already have, and serve to further outline 
the figure. 

When you postulate (predict) the existence of additional dots beyond your 
original four, you are extrapolating upon the basis of the data that you 
have. In the case of each figure, a limited number of additional dots 
will serve to define the figure. They will outline It to a sufficient 
extent that you can be certain of Its shape; that It Is as you have 
drawn It and not some other shape. 

4. In the case of each figure, extrapolate a sufficient number of 
additional dots to define the figure. Do not put In any dots that 
are not necessary to define It. How many additional dots are 
necessary In each case? Is the number the same In all cases? 

Remember that there must be enough dots so that some of those shown 
cannot lie In the perimeter of any of the figures, other than the 
one In which you have Included them. Are there any dots beyond the 
original four that can lie In the perimeters of more than one of 
the figures? If so, you may use them, but you must use others in 
addition. 

If, through research, you were to discover that only those additional dots 
defining one of the figures actually existed , what would this do to the 
hypothesis represented by that figure? What would it do to the hypotheses 
represented by the other figures? In this case, how would the procedure 
which you followed in your hypothesis making and your later research be 
comparable to that of a scientist solving a problem? 

How was your procedure in postulating additional dots in the case of each 
figure an example of interpolation as well as extrapolation ? How is inter- 
polation related to extrapolation? To what extent do they constitute 
specialized aspects of the same procedure? 

Further Considerations ; 

Ito what extent do our actions in dally thinking and living constitute extra- 
polation? Think of as many examples as you can. To what extent do they 
constitute interpolation? Think of as many examples as you can. To what 
extent do natural laws constitute extrapolations? 










Looking for Patterna In Behavior 



Introduction : 

We depend on patterns in nature, W© order our lives by them. Try to 
Imagine what the world would be like without such patterns. We know that 
they exist and that we can depend on them. This knowledge makes it 
possible for us to face the future with confidence, based on our expecta* 
tlon that past experience furnishes us a good Indication of what we may 
expect. 

We set up hypotheses based on our past esperience and make these the 
basis for our actions. We do not call these projections hypotheses, 
however. Usually we do not call them anything or even realize what we 
are doing when we make them. We simply act on them without verbalizing 
them or even thinking about them. This is practical, everyday extra- 
polation. 

When we say, "l think 1*11 take this letter down to the principal's office 
before the noon rush starts,” or "l think I*d better get started home 
before the 5 o'clock traffic begins,” we are extrapolating on the basis 
of our past experience of threading our way through a mass of students in 
the corridor Just before lunch, or our experience with the traffic Jam 
that regularly occurs at the end of the working day. We are acting on 
the hypotheses that we have made, that people and cars will behave today 
in the same way as they have in days past when we have been caught in 
such rushes. 

In the laboratory epperienc© which is outlined here, you may or may not 
discover a pattern. Do not feel that the experience is a failure if no 
pattern appears. The important thing is that you will be carrying out a 
procedure like that by which scientists have discovered and described 
patterns in the natural world. Perhaps if no pattern appears in this 
case, you may then be able to think up tome other situation in which you 
can search for a pattern. 

Materials and Equipment : 

Graph paper 

Pencil 

Ruler 

Procedure : 

This laboratory experience can best be carried out as a class project, 
with different students being assigned the Job of collecting data each 
day during the three week period while the study is going on. The graphs 
on which the data are recorded can be posted in the classroom where the 
entire class can watch the progress of the study. 

1. Select a point in the busiest corridor in the school. Count the 
number of persons who pass this point at a series of designated 
times during the school day (e, g., from ten minutes before the 
of each class period until the end of the period). If there 
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ar€ too many to count accurately during a particular rush time, 
such as Just before noon, make the best estimate you can. 

2. Do this at the same times each day, Monday through Friday, during 
three successive weeks. 

3. Record the data for each week on a graph: 



Humber of 
people 

M T W Th P 

Is there a pattern? If so, why do you think it exists? If there is no 
pattern, why do you think there is none? Set up one or more hypotheses 
to explain what you have found. Through class discussion select what you 
believe to be the best hypothesis. 

4. Test your hypothesis by continuing your observations on the same 
basis for one or two additional weeks. If you consider it desirable 
to collect data concerning environmental conditions, or anything 
that you think might have been responsible for either the presence 
or absence of a pattern in your findings, do so. 

5. Do your further studies support or refute your hypothesis? Test 
it further if you wish to do so. 

6. Draw a conclusion, or decide that you cannot do so because of lack 
of sufficient data, lack of sufficient time to test further, or 
any other reason. 

At what point did you begin to extrapolate? Of what did your extrapolation 
consist? Compare your procedure to that of a scientist studying a pattern 
in nature. How do natural laws relate to patterns in nature? How are 
natural laws related to hypotheses? 

Further Investigations : 

Set up a study of the movement of automobiles and other motor vehicles past 
a particular point on a street or highway. Use the same type of procedure 
that has been suggested in looking for a pattern in the movement of persons 
in a school corridor. Here again set up and test hypotheses, and try to 
draw conclusions. 

What other possibilities can you think of lor the existence of patterns 
that might be interesting to study? 





) 




Bitrapolation in Terms of a Probl^s A Science Fiction Story 



Introduction : 

Some science fiction is the result of imagination, based on extrapolation 
from known facts. The nuclear bomb, space travel, and other recent 
developments now becoming commonplace, were predicted in science fiction 
prior to their development. Controlled heredity, replacement of human 
organs from organ banks or by artificial devices, chemical regulation of 
human behavior, and the syntheses of simple forms of life in the labora~ 
tory, are similarly being predicted at the present time. 

The following experience constitutes laboratory only in the sense that it 
deals with a problem. A possible future situation is presented which 
would lead to a many-sided problem for individuals and society. You are 
invited to approach this situation through thinking and discussion, 'mis 
invitation is based on two quotations: 

1) a fictional story outline that was written about 1930, and was 
used as a basis for class discussion at that time. 

2) a newspaper article that was written concerning the same topic 
in 1963. 

We may very well face this situation in the not too distant future. 
me Story : 

In the century that has passed since the middle 1800* s, medical science has 
made treiisendous advances. Pasteur's germ theory cf disease, the development 
of antiseptic techniques in hospitals, knowledge of the microbial world and 
the development of vaccines, an understanding of human physiology, the 
development of antibiotics, and other discoveries and developments, have 
greatly lengthened the human life span. Infant mortality in Western coun- 
tries has been reduced almost to the vanishing point. Some infectious 
diseases have all but disappeared. More people are living into old age, 
even though the maximum age has not been increased. 

me role of medical science has been to discover or develop a series of 
"bridges" which enable our bodies to cross over the danger spots in our 
lives. Without these artificial aids we would probably die the early 
deaths that our ancestors did. Medical scientists through research are 
constantly expanding the kinds and quality of available "bridges", and 
the end is certainly not yet in sight. 

A woman born in the early 1930 's would have been only a small child at the 
time when sulpha drugs were first used to combat the pneumococci of pneumonia 
in 1937. Let us follow this woman through her life. 

She possessed a respiratory weakness which, in conjunction with the pneumo- 
cocci present in her environment, and probably other environmental factors, 
caused her to develop pneumonia in the winter of 1937. She had a severe 
case. Pneumonia at that time was frequently fatal. She would have died 
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If It had not been that the family physician was a progressive practitioner 
who kept up with the latest developments in hia field. He had read of the 
new sulpha treatment for pneumonia in a medical Journal. Since he was a ^ 
friend of the family, he obtained some sulphanil amide, and got her parents 
consent to try it. Ihe effects appeared almost miraculous, as such cases 
did in those early days of modern chemotherapy. The child’s fever dis- 
appeared in a matter of hours, and she got well quickly. Hedical science 
had furnished her with a "bridge” to cross a danger spot in her life. 



The little girl grow up. She was not a stron<ij child, but with good food , 
good home enviromment, and generally good care on the part of her parents, 
she escaped further serious illness during childhood. She went away to 
college in the late 1940*s, On the occasion of her first Christmas 
vacation at home, she stayed out too late, lost too much sleep, low^ed 
her general resistance to disease, and finally, after a New Year s Eve 
party, she took a deep cold which allowed the ever-present pneumococci 
to take hold again. She developed pneumonia a second time. Once more 
without help she would have died. This time, however, there were not 
only sulpha drugs but also penicillin and other antibiotics which were 
effective for pneumonia. Her recovery was quick and complete. She 
returned to school on time. Once again she had crossed a danger spot in 
her life with the aid of a "bridge" which medical science was able to 

provide. 



After this she was aware of her weakness and was more careful. She knew that 
there were certain risks that she must not take. She graduated from college, 
married in the early 1950* s, and had three children. She and her husband 
were reasonably prosperous, so that she was able to maintain a good enviro - 
ment for herself and her family and to have adequate medical care when she 
needed it. As she grew older she became stronger, because middle- age 
people are generally more resistant to infectious diseases than children 
adolescents. She had no more serious Illnesses for a long time. 



Finally, in her middle fifties, she developed a breast cancer. A hundred years 
earlier this would have been fatal. Actually, at this time it was »ot too 
serious. The condition was diagnosed in its early stages. Surgery, witn 
X-ray treatments following the operation, successfully destroyed the cancer. 

She had managed to cross one more danger spot in her life with the ado 
medical "bridges." 



Durlue the following decades there was no further serious trouble. Her respira- 
tory weakness was now far in the past, and the cancer weakness was present 
only for a brief period in her fifties. Aside from colds and an occasional 
virus infection, she was a relatively healthy old lady. Her 
daughters had been married long since, and she now had grown grandchildren. 

Her chi Idrent were becoming elderly people. 



At the age of 92, in the decade of the 2020's, her daughter's oldest grMd- 
daurtter was to be married. It was a great affair. The family arranged lor 
the old lady to travel by plane from Chicago, whore the family 
California to attend it. The encitomont was too much for her old circulatory 
system. She suffered a heart attack and died of a coronary thTOmbosis, a 
b^ckage of one of the larger blood vessels that carry food and oxygen to th. 
heart muscle. At last she had come to the point of expression in her life of 
a weakness that medical science had found no means of circumventing, no 
"bridge" was available. 



Medical science, however, is constantly learning more And more about the 
body and how it works and about the chemical relationships on which its 
health depends. In this way, more and more "bridges” are being discovered 
or developed. The next century will see this carried even farther. So by 
imagining a century into the future we can add a little more to our story. 

If the old lady had been born a century later. In the decade of the 2030* s, 
her life history would have ended quite differently. In 2029, Just a hun- 
dred years after Fleming's discovery of penicillin, a biochemist working for 
the Rockefeller Foundation discovered a synthetic chemical compound of 
relatively simple structure. When it was taken into the body in small quan- 
tities regularly, it prevented the formation of cholesterol. This is the 
substance in the blood stream which research, nearly a century earlier, had 
found to be responsible for the clogging of the arteries with advancing age. 

With the arteries remaining clean, flexible, and "young”, and the circulation 
to the brain, kidneys, and other vital organs not becoming impaired, the 
general process of aging which appears to depend partly on the progressive 
deterioration of the circulatory system, was greatly slowcl. 

Thus another "bridge” was added to man's growing collect* on, and the average 
human life was greatly lengthened. Just as the average Ife expectancy of a 
child at birth advanced from about 54 years in the 1920 a to about 69 years 
in the 1950* s, following the development of antibiotics and other radically 
new types of therapy, so now it advanced still farther. Furthermore, it was 
not simply the oyer-all life span that was lengthened. The onset of old age 
was greatly slowed. A man or woman of 60 looked and felt no older than a 
person of 45 had done a century earlier. At 100 years a person seemed no 
older than we normally think of people being in their 70*s. Old age came, 
on, but only with the aging of other body systems, and at a much slower 
pace. Finally, death from some type of physical and physiological breakdown 
occurred normally at somewhere between 100 and 125 years. 

By the 2040' s this age-delaying drug, which had been found to be completely 
harmless and without other physiological effects, had come to be as commonly 
accepted as the use of iodized salt to prevent the development of goitre, and 
Vitamin D enrichment of milk to prevent rickets. The new drug was mixed with 
seasoning, added to bread, and placed in city water supplies. Everyone used 
it, just as a matter of course. A few religious groups objected to it at 
first. They said that it was sinful to try to extend life beyond "three score 
and ten,” but this objection was short-lived. No one really wanted to grow 
old if they could keep from doing so. 

Of course the maximum effectiveness of the drug was in the case of children 
who began to take it in their early years. It only served to delay the 
artery-clogging process. It did not in any sense turn back the clock. If 
our old lady who had died of circulatory breakdown at the age of 92 in the 
2020' s, had been born in the 2030's, she would have started taking the drug 
when she was about five years old. If she had done this she would have 
lived to the ripe old age of 120, and would have died in the 2150' s from a 
breakdown of digestive function. This particular weakness was one which 
only became known to medical science when people generally began to live to 
ages beyond 100 years, ^en the advanced medical science of the middle 
twenty-second century had not yet found a way to circumvent it. 
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7tk9 Newspaper Article ? 

Reaction Mixed to Pjropoaal to Prolong Life of Humana 

NEW YORK (AP)- — A variety of reactions Iranging from "great", to "contrary to 
nature", and "highly unlikely" came today from both young and old after a 
pathologist suggested that science might someday delay the aging process. 

Dr. Robert R. Kohn, a pathologist at Western Reserve University in Cleveland, 
says "There's no theoretical reason why we should not be able to keep people 
as they are at age 20 to 30 for another 40 years, assuming society would want 
it. " He offered the theory that aging is a normal disease and conceivably 
susceptible to being inhibited by chemical or other means. 

Some indicated they would want it. Baseball catcher Joe Torre, 24, of the 
Milwaukee Braves, said, "it would be great." Harold Lloyd, a comedian 
who starred in the silent, picture era, remarked, "l 'm all for it. " 

Others indicated they would prefer to let nature take its own course. 

Marilyn Wahl, 21 a Los Angeles airline stewardess, said: "l don't think 

I'd like it. There are rewards in growing older and maturing. There are 
proa and cons— growing old with your children and enjoying some of the 
things they do. But there is something wonderful about maturing. If it 
were twice as long, the 20 to 30 age bracket would not be quite so enjoyable. " 

A Dallas • lawyer who is approaching 80 said, "There is no need to speculate 
about remaining 20 tO 30. That is contrary to nature, the Bible and the 
Lord's decree." 

Ann Bittner, 47, a Chicago television assembly line supervisor, and 
Or. Bonnie Strickland 26, dean of women at Emory University, reacted 
differently. "l think people from 20 to 30 are dying faster than older 
folks or they soon will be," said Mrs. Bittner. "The reason is they live 
too fast. Bad diets and carelessness with their health in general puts them 
in bad shape. Why make more people get into bad shape by keeping them at a 
careless age?" 

Dr. Strickland, one of the youngest women deans in the country, said pro- 
longing life between the ages of 20 and 30 "would be wonderful— if you were 
able to continually mature. Youth without wisdom and knowledge would have 
no advantage, " she added. 

Dr. John Knowles, 39, general director and physician at the Massachusetts 
General Hospital and lecturer at the Harvard Medical School, opined: "The 

process of aging and death is inexorable and inevitable." 

Bill Ingram, 21, a Dallas college student, said he would like to stay 20 
forever, but "some people can't cope with life and probably prefer death— look 
at the suicides." Ingram said he agreed with a statement by Or. Bernice L. 
Neugarten, of the University of Chicago, who said: "The assumption is 
unproven that people would like to live longer than they now do— or that 
they would be better off if they did. " 

J ■ . 
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Dr«. Neugarten and Kohn mada their conmehts Wednesday in Washington at 
the Conference on Research Progress and Trends in Aging, aponaored by the 
National Institute of Health. 

Kohn defined aging as "a normal biological process with onset sometime 
around maturity.” He suggested it's primarily due to progressive changes 
in "collagen,” a chemical occurring in the connective tissue outside the 
body's cells. Kohn said studies of a muscle disease in animals indirectly 
suggest the possibility of using a chemical called "beta aminonitrile” to 
slow down collagen changes, and possibly inhibit aging. He suggested the 
chemical for trial in animals. 

pr. F. Marott Slnex, a Boston University biochemist, also speaking at the 
Washington conference, forecast the secret of aging eventual7.y will be 
, found, 'but,” said Slnex, "even with prolonged youth, general wear and tear 
would still exact its toll.” '^ere will alwrys be a mortality force,” he 
said. 

Discussion ! 

What are the problems that would be posed by greatly lengthening human life? 
How do you think society might move to solve these problems? How would our 
world be different if human life were greatly prolonged? Do you think it 
would be a better world, or one less good? How do you, personally, feel 
about greatly lengthening human life? 

Do you think that there is much likelihood that science will be able to 
greatly lengthen human life? If so, why? If not, why not? What develop-* 
ments other than the one that formed the basis of the story do you think 
might contribute to greatly lengthening human life? Why? 

How does the development referred to in the story and the newspaper article 
constitute extrapolation? Extrapolation from what? 

What other science fiction stories can you. think of that might be written, 
based on scientific developments that we now know about? Would you like to 
try to write one? 



Idea of Cycles and Cyclic Change 

A* Idea~Brldge: "Thinking About Events That Occur in Cycles 

B. Laboratory Experiences: 

1. "An Animal Life Cycle; The Fruit Ply, Drosophila " 

2. "Simple Plant Cycles: Comnon Molds and. Bacteria" 

3. "The Water Cycle" 

4. "Days and Nights, Moons and Years" 
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Thinkliib About Events That Opcur In Cycles 
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In the natural world we can recognize some change which is apparently 
patternless, and varidus kinds of patterned change. One form of 
patterned change is directional, another is cyclic. Cyclic change 
appears to be directional if it is looked at on a short-term basis. It 
is possible that all directional change would be cyclic if it were 
viewed on a sufficiently long-term basis. The elements of both of 
these forms of change might appear to be patternless if the term of 
observation were short enough. 

If we look at the natural phenomena that occur around us, we find that 
many of them belong to related sequences of events that take place in 
cycles. This is true of both living and non-living nature. Thus we 
have life cycles of organisms, cycles of use of chemical elements such 
as carbon and nitrogen, the cycle of erosion and deposition on the 
earth’s surface, the cycle of rock formation involving Igneous, 
sedimentary, and metamorphlc rocks, the water cycle, and the cycles of 
movement of bodies in the universe on which most of our measurement of 
the passage of time in based. This by no means exhausts the list. We 
can examine certain aspects of some of these cycles by observing them 
and thinking about them. 



An Anlntl Life 



The Fmit Fly . Drosophila 



Introduction; ' 



All living things, plants and animals, go through a cycle oJ devolopmentffrom 

bidiea ^ maturity, when they give rise to now reproductive 

bodies, ae stages of the human life cycle are well known; pre-natal life, 

birth, infancy, childhood, youth, maturity, reproduction. Strictly 

®®'® ^ ® ®®®‘* person who lives 

out a normal life span, it Is not a part of the cycle. 



In other animals there is a comparable cycle. The life cycles of some 

l«rcLi“!! bnown and easy to study. It is easy to read about the 

life cycles of common insects in books, and it Is not difficult to 

ii°intarM««^* *5® Studying them in the laboratory 

*“® ■*“SPoi“t o* learning about them 
first-hand, but also because of the questions that the observations 
raise ?n our mind. 



Stages ^ ^ Fruit Fly Life Cycle ; 



In general, there are two types of insect life cycles; (1) those with 
toqoylete metamorphosis, and (2) tobse with complete metamorphosis. 
Metamorphosis means change , and the words ”compl e te " and'" "incomplete " 
refer to the kind and extent of the changes that occur. The life cycle 
of a gr^shopper proceeds through a series of progressive changes 
comparable roughly to those of a human, with growth in size, but 
without radical alterations of body form after hatching from the egg. 
s type of life cycle is an example of incomplete metamorphosis. The 

includes four distinctly 
different stages: egg, larva, pupa, and adult. This constitutes 

COTplete metamorphosis. -me fruit fly, Prosophi ln melanogaster. which 
is used for experimental work in the study of heredity, frrnlshes a 
convenient laboratory example of this type of life cycle. 



»e eggs of the fruit fly are small. They are generally deposited on 
the surface of the food material. Thy are barely visible with the 
unaided eye. At room temperature they batch into larvae in about 24 hours, 
The l^ae we minute maggots that can be observed eating in the food 

®i®® change into seed-like pupae, which 
are attached to something and are inactive. When the larvae are readv 
to pupate, they usually climb up on the sides of the culture bottle or 
on the piece of paper towel which has been placed in it. The adult flies 
^rge from the pupal cases. At first they are very weak and will die 
if they become stuck In the food material. As they strengthen, their 
Wings expand and they are able to fly. 



?® ^?®ti"8uisbed from females by the presence of a 
broad black tip on the abdomen. Both sexes have black bands across the 
abdomen, but the female lacks the broad black tip. 
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Growing tho Fruit Flios * 

Drosophila live in nature around decaying fruit. They eat the yeasts 
that grow on the fruit, not the frlut Itself. You may observe them 
around rotting apples, bananas, or other fruit, or around garbage cans 
containing any decaying materials on which yeasts can grow. 

If you have never seen yeast cells you should look at them umder the 
microscope in connection with your fruit fly experience. When you are 
preparing your culture bottles for the files, place a very small piece 
of the yeast cake on a glass slide, put a drop of water on It, mix it 
thoroughly with the water, cover with a cover slip, and observe with both 
low and high power of the microscope. What do yeast cells look like? 

How do they reproduce? What do they live on? What substance is a 
by-product of their life processes? 



niere are several species of Dros ophila that occur wild in nature. 

The species which is commonly used for experimentation is Drosoghd^ 
melano gaster (literally, the "black-bellied Drosophila , so named Irom 
the black- tipped abdomen of the male). They can be raised in the laboratory 
in any kind of bottle or glass container that has an opening small 
enough to be closed with a plug of cotton. Why a cotton plug rather 
than a rubber stopper or other solid top? 



Their food in the laboratory can consist of any kind of medium on which 
yeasts will grow. The standard culture medium Is made up in agar . This 
is a gelatinous material which can be prepared ahead of time with 
standard amounts of the necessary components, and sterilized to eliminate 
molds and other harmful organisms. It has a relatively hard surface 
which lessens the danger of freshly emerged adult flies or anaesthetized 
flies getting stuck in it. It may be purchased already made up from 
biological supply houses, or it may be prepared according to recipe by 
the teacher. (See attached directions for preparation . ) 

Fruit flies can be grown quite easily, however, on mashed banana, seeded 
with yeast. The banana does not need to be cooked or sterilized. 

Some cultures grown in this way may be lost from mold infestation, but 
in such case the molds themselves have a life cycle which is interesting 
to observe. Through what stages does a mold develop? How does it 
reproduce? 

When growing fruit flies on banana there is greater danger of the 
original pair of flies and the freshly emerged adults becoming entangled 
in the surface of the culture medium. Most of this risk can be 
eliminates by placing a small cone made of paper toweling in the 
bottle, and exercising care in depositing the original pair in this 
cone while they are anaesthetized. In a way, growing the flies ® 
natural medium is more interesting because it is less standardized and ^ 

presents a greater challenge. 
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Materialg and Equipment ; 

Compound microscope 

Hand lens 

Slides 

Medicine dropper 
Stapler 

Pint milk bottles 
Paper towels 
Cotton 

Laboratory forceps (4-6 inches long) 

Ether 

Ripe bananas 

Yeast cake (Flelschman's or Red Star) 

Fruit flies (wild or cultured) 

Procedure for preparation of Culture Bottle; 

1. Thoroughly wash the milk bottle in which you plan to grow the flies. 

2. Put mashed banana in the bottle to a depth of about one inch. 

3. Break up a piece of the yeast cake about the size of a pea in 
a small amount of water, to make a milk-like suspension. Fill 
a medicine dropper about one-fourth full of the suspension, and 
spread it over the surface of the mashed banana. 

4. Fold a piece of paper toweling two to three Inches square into 
the form of a cone. 

5. Staple the side of the cone where it has been folded with a 
stapler, so that it will retain its shape. 

6. Using a pair of f creeps, place the cone in the bottle, point 
downward. 

7. Press the point of the cone into the mashed banana to the extent 
necessary for it to remain erect. 



Procedure for Handling the Fruit Flies ; 



1 If you wish to catch wild fruit flies, you may do so during the 

* warm season by placing a milk bottle containing ripe banana near 
decaying fruit outdoors. When your milk bottle trap has a number of 
flies in It, close it quickly with a cotton plug. Remove the 
freshly caught flies as directed in (3) below. Anaesthetize them and 
distinguish between males and females. Place one or more males and 
the same number of females in a fresh culture bottle prepared as 
directed above. Plug the bottle with cotton and observe the life 
history stages as they appear. 

2. You may obtain laboratory cultures of fruit flies from any 
biological supply company at a minimal cost. Since these are 
mainly ordered for genetical experimentation, most of them are 
strains carrying special hereditary characteristics. Therefore 
you should specify "wild type” when you order. When you receive 
the culture, remove the flies as directed in (3) below, anaesthetize 
them, distinguish between males and females, and place one or more 
males and the same number of females in a fresh culture bottle 
prepared as directed above. Plug the culture bottle with cotton 
and observe the life history stages as they appear. 

3^ Xo remove the flies from either the bottle in which you 

trapped them, or the bottle In which you received them, proceed 

as follows: 

a. Take a clean, empty bottle with an opening the same size as 
that of the bottle containing the fl^es. Prepare two cotton 
plugs for it but do not insert either of them. 

b. Tap the bottom of the bottle containing the flies gently 
against the palm of your hand to shake them back from the top. 

C. Quickly remove the cotton plug from the bottle containing 
the flies, and place the mouth of the clean, empty bottle 
tightly against the mouth of the bottle containing the flies. 

d. Hold the two bottles so that the bottom of the clean, empty 
bottle is pointed upward and toward the light. 

e. The flies crawl or fly toward the light. When all of them 
have gone into the clean bottle, close it with one of the 
cotton plugs, while it is still held mouth downward. 

f. If you are using laboratory cultured flies, replace the 
cotton plug in the culture bottle. You may wish to put 
part of your flies back intc it, 

4. TC anaesthetize the flies; 

a. Open a bottle of ether. Hold the bottom end of the extra 
cotton plug against the opening, and tip the ether bottle 
so that some of the ether is soaked up by the cotton plug. 

Keep away from fire.* Ether is highly flammable. 
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b. Turn the bottle containing the flies bottom upward toward 
the light. Allow all of the flies to crawl or fly upward 
toward the bottom of the bottle. * 

c. Quickly remove the cotton plug from the bottle containing 
the flies I and replace it with the etherized plug. 

d. Turn the bottle top end upward. Watch the flies closely . 

It is easy to kill them with ether. You only wish to render 
them Inactive. How do they respond to the ether? Do they all 
”go to sleep” at the same time? Why or wny not? 

As soon as the last fly has become inactive, remove the 
etherized plug. Pour the etherized flies out onto a piece 
of white paper. 

e. Examine the flies with a hand lens. Use the forceps gently 
to move them around on the paper as you examine them. Do 
not touch them with your fingers. They are easily injured. 

Note males and females. 

To set up a breeding culture; 

a. As quickly as you can, select one or more pairs of flies. 

b. Pick each fly up with the forceps, holding the fly by one 
wing. 

c. Place each fly carefully in the cone of paper toweling in 
the culture bottle which you prepared earlier. Do not drop 
the flies on the surface of the mashed banana . 

d. When you have dropped all of the selected flies into the 
cone, close the culture bottle with a cotton plug. 

e. If you wish to replace the remaining flies in the original 
culture bottle you may do so. In this way if your new bottle 
is not a success, your original stock will still be available. 
Handle each fly in the manner directed in (b) above, and place 
it carefully in the bottle. 

f. Watch the flies in the new culture bottle emerge from anaesthesia. 
Do they all so so at the same time? Compare with the manner 

in which they went into anaesthesia. Did all of your flies 
”come out of it”? If they did the then you know that you 
over~etherlzed them. You will know better next time.' Some- 
times practice is necessary. Is there anything else that 
you would do differently if you were to repeat the experience? 

Record the date when you set up the culture. Observe the 
development of the culture over a period of two to three weeks. 

Are you able to see the eggs on the surface of the food material? 

How long before the larvae appear? What kind of activity do 
they show? Are you able to see them eating? Observe their 
growth in size. How large do they get? How long do they remain 
in the larval stage? 
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How long before the first pupae appear? Where are they formed? 
Observe as much as you can of the process of pupation. How does 
it appear to take place? If the larvae or pupae are observed on 
the sides of the bottle, examine them with a hand lens. As the 
pupae become older, how much structure can you see inside them? 
Correlate what you can see with structures in adult flies. 

How long before the first adults emerge? Observe the freshly 
emerged flies. Why are they weak? Watch them gain strength. 

How do their wings strengthen? How long before they can fly? 

Your new generation of flies are now adult, and are ready to 
repeat the cycle. Set up a new culture and watch them go 
through the cycle again if you have time. Do the life history 
stages occupy the same length of time that they did before? 

If they are not quite the same, why do you think this might be? 

What have you been able to observe concerning the effect of 
various environmental factors on the flies? We have called 
your attention to their reaction to light. What about temperature? 
Does temperature have anything to do with how long it takes them 
to go through their life history stages? Your flies developed 
at room tmmperature. If you go through the cycle a second time, 
try experimental cultures at cooler and warmer temperatures. 

Does constancy of temperature through the 24-hour period affect 
the development in any way? 

Further Considerations: 



Fruit fl:*es live on yeasts which will grow on anything containing sugar. 
Try growing them on other kinds of fruit: apples, pears, peaches, grapes, 

et cetera. Try using the fruit without mashing it. What do you find to 
be the best ki'td of fruit, and the best method? Get a box of sweetened 
gelatin dessert at the grocery store (Jello or similar product). Follow 
the directions o.n the box in preparing it. Pour it while hot into a 
clean culture bottle. Seed it with yeast. Try growing flies on this 
material. Does it work? Try enriching the gelatin dessert with sugar 
when you prepare it. Try different concentrations of sugar. What is 
the most effective concentration? 

What do you think is the best method of growing fruit flies, using 
readily available materials? 

What kinds of phenomena in living organisms are cyclic? Think of as many 
examples as you can. What about the process of cell division (mitosis)? 
Read about this process. Study diagrams of the stages in it. See a 
motion picutre devoted to It if you can. Determine to what extent it Is 
a continuous, cyclic process? To what extent Is It a unlveraal phenomenon 
In living organisms? 
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♦Formulae for Maki ng Culture Media for Grow? ng Fruit FI lea 

Note: The materials for making up these media can be purchased in part 

at any grocery store. Those which cannot be obtained locally can 
be ordered from General Biological Supply House, Inc, , 8200 South 
Hoyne Avenue, Chicago 20, Illinios, or any other biological supply 
company. 



Banana Agar 
575 cc water 
20 gr. agayragar 
35 gr. brewer’s yeast 
125 cc wh- te corn syrup 
225 cc crushed ripe banana 
} gr. mold inhibitor 

Add agar-agar to the water and bring it to a boil. Stir in the 
mashed banana and mix thoroughly. Add the yeast, syrup, and mold 
inhibitor, and boil for ten minutes. Pour into culture bottles, 
and add strips of paper toweling which has been dipped in a 
solution of 1.5 gr. mold inhibitor dissolved in 5 cc of 85% alcohol. 

Oatmeal 

45 gr. yellow corn meal 

45 gr. oatmeal (old-fashioned Quaker Oats, not 
the quick cooking kind) 

4 gr. brewer’s yeast 

1 gr. mold inhibitor 

Slowly add 25 cc molasses and 600 cc water as the medium is heated 
over a low flame. Do not boil. Stir constantly. Pour into 
culture bottles when the mixture is near the boiling point. Add 
a strip of paper toweling to each bottle. 



♦ Taken from Turtox Service Leaflet No. 15, General Biological 
Supply House, Inc., Chicago, Illinois. 



simple Plant Cyclei f Common Molda and Bactofij 



Introduction t 

Simple plants, like complex plants and animals, go through cycles of 
development from minute reproductive bodies, through a period of 
vegetative growth, to the formation again of reproductive bodies like 
those that gave rise to them. Many of the molds furnish excellent 
examples of such simple life cycles. 

Although common molds may be obtained in pure culture from biological 
supply houses, and may be grown in the laboratory under controlled 
conditions, they can also be captured **ln the wild” and grown on 
common, easily obtainable materials. It is interesting to catch them, 
and to observe the cyclic changes through which they pass. 

Bacteria do not generally pass through true life cycles, at least 
not involving easily observable changes in physical form. They are 
usually captured in this experience along with molds, however, and their 
growth and propagation in the laboratory is Interesting and can be seen 
along with that of molds. 

Materials and Equipment ; 

Compound microscope 

Glass slides 

Cover slips 

Medicine droppers 

Hand lens 

Dissecting needle 

Forceps (four to six inches long) 

Bunsen burner or other open flame 

A source of heat for boiling water 

A small cooking vessel 

Petri dishes or other shallow dishes that can be covered 



Potatoes 



Procedures 



1* Cut a raw potato into slices three-eights inch thick| leave the ‘ 
skin on* 

2. Place the slices in water in a cooking vessel over a source of 
heat. Bring the water to a boll^ but do not continue to boil 
the slices, and do not allow them to stand in the water* They 
will become soft and break if overcooked. 

3. Remove the slices and place each of them in a petri dish or 
other small, shallow dish which can be covered. These dishes 
need not have been sterilized, but they should have been 
washed clean and kept covered after being washed. 

4* Cover the dishes containing the potato slices, and allow them 
to cool to room temperature. 

5. Uncover them long enough to **lnoculate” them. Do this in as 
many different ways as you can devise (e,g., cough on one, put 
dust from the table top on one, dust from the floor on one, 
touch one with your finger, et cetera). 

6. Cover them again; put them in a warm place. Look at them once 
a day. When you do so, uncover them only long enough to 
observe them carefully; then cover them again. 

Each slice of potato almost certainly will develop colonies of micro- 
organisms: bacteria and molds. If you wish, you may leave one uninoculated. 

This will show you whether or not molds or bacteria will be picked up 
Just by ezporure to air for the brief period while the dish is open. 

Colonies of bacterl'% will appear as white or yellow spots. Sometimes the 
surface of the bacterial colonies may differ in appearance in ways 
other than color. How many different kinds of bacterial colonies 
can you distinguish? Mold colonies are generally black, blue, green, 
yellow or brown. How many different kinds of molds can you distinguish? 

Single cells of bacteria and the spores (reproductive bodies) of molds 
are able to resist drying, and are carried by air currents in the same 
way as dust particles. When a single bacterial cell or mold spore 
alights on the surface of a medium on which it can grow, it gives rise 
to a colony. The colonies of each species of bacteria or mold possess 
different and distinguishable characteristics. 

7. With a dissecting needle, tease out a small fragment of each 
different kind of bacterial colony. Put it in a drop of 
water, spread it out in the water as much as possible, cover 
it with a cover slip and observe it with high power of the 
microscope. Can you distinguish the individual bacterial 
cells? Are they single or attached to one another (pairs, 
bunches like grapes, long halr-llke chains)? Are they motile 
or non-motlle? Do the different kinds of colonies show 
distinguish ably different kinds of cells? 
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There are three different body types of bacteria: cocci, which are 

round, bacilli, which are rods, and spirilla, which are spirals. Cocci 
tre generally aon-motile. They may form pairs (diplococci), chains 
(streptococci), or bunches (staphylococci). Bacilli may be motile or 
non-motlle. Colonies of bacilli look like hairs. The spirilla do not 
form colonies. They are generally motile, 

8. Examine fragments of each kind of mold colony in a drop of 
Water under the microscope. Low power is generally satis- 
factory for looking at molds. They consist of vegetative 
filaments which give rise to spore-bearing, knobby ends 
which are called sporangia when mature. Mash a sporangium by 
pressing on the cover glass to release the spores. See if you 
can observe filaments, sporangia, and spores. 

9. Prepare fresh slices of cooked potato in clean, covered dishes. 
Inoculate some of them with material from bacterial colonies 
which you think would be interesting to propagate. Proceed 

as follows: 

a. Sterilize the end of a dissecting needle by holding it 
in the flame of a Bunsen burner or other open flame. 

b. Allow it to cool, 

c. Insert it into the surface of the bacterial colony, and 
then into the surface of the potato slice. Replace the 
cover of the dish Immediately. 

d. Put the dish in a warm place and examine it each day as 
before, Des the same kind of bacterial colony develop at 
the point where you inoculated it? Are there other 
kinds of colonies? If so, how do you account for their 
being there? 

10. Inoculate other freshly cooked potato slices with material 
from ripe sporangia of mold colonies which you think would be 
interesting to propagate. Proceed as you did with the bacterial 
inoculation, but use forceps instead of s dissecting needle. 
Sterilize the ends of the forceps before using them to transfer 
the mold material. Does the same kind of mold colony develop 

at the point where you incoulated it? Are there other colonies? 
Other kinds of colonies? If so, how do you think they got there? 

You have now followed through the process of growth and propagation for 
two kinds of simple plants. Of these, the molds have a true life cycle 
involving (a) vegetative growth, and (b) sporangia containing spores 
which are reproductive bodies. The bacteria generally propagate with- 
out special reproductive bodies. To what extent are the growth and 
reproductive phenomena which you have observed comparable to the life 
cycle of a higher plant or animal? 
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Further Co nsiderationg ; 

Study molds growing on cheese, bread, and anywhere else yeu can 

find them. Much modern commercially baked bread contains mold Inhibitor, 
Therefore It keeps better, and Is less likely to become mold inl^octed. 
Nevertheless It Is Interesting to try to grow molds on bread. Try 
growing molds on bread by using the following technique: 

1. Place a drinking glass In a saucer. Fill the glass about half 
full of water# and fill the saucer with water around the g ass# 



2. Inoculate a slice of bread with mold spores from an active 
colony which has been growing on a potato slice. 

3. Place the slice of bread on top of the drinking glass. 

4. Cover the whole assembly with a battery Jar to form a moist 
chamber. Put It In a warm place and observe It dally. 

5. Does a mold colony develop? Is there. any difference In the 
growth of molds on different kinds of bread? How about home 

made bread? 



try growing molds under different environmental conditions. Is there a 
relationship to light? To temperature? To relative humidity? To 
moisture content of the medium on which the mold Is growing? 

What kinds of phenomena In living organisms are cyclic? Think of as 
many examples as you can. What about the process of cell division 
(mitosis)? Read about mitosis In biology textbooks, study diagrams of 
the stages In It, see a motion picture devoted to It If possible. 
Determine to what extent It Is a universal phenomenon in living matter. 



The Water Cycle 



I 



Introduction ; 

Water vapor from the surface of a body of water » or from wet soil, or 
from the leaves of green plants ^ is absorbed into the air and ultimately 
returns to the earth in the form of precipitation (rain, snow, sleet, hail)* 
This is the water cycle* It is really not this simple, however* Water 
that falls on the earth’s surface may be diverted from the cycle and 
stored for longer or shorter pii^riods as ground water or as surface water in 
lakes, streams, et cetera. Som$ ground water is ”fossil water” that has 
been stored for millions of years* If people in an area are using ground 
water faster than it can be replaced from natural precipitation, they 
are depleting underground supplies and are facing a water famine sometime 
in the future* In what parts of the United States is this now true? 

Water may be diverted temporarily by passing through the bodies of animals 
(including humans)* Some is chemically combined and so is lost to the 
cycle temporarily* Waiter is used in many industrial processes* When it is 
released following industrial use, it may be polluted and poisonous to 
living organisms* Another kind of pollution results from water being 
burdened with human waste materials in the form of sewage* Of course in 
all forms of pollution the water becomes purified when it is evaporated and 
taken back into the air* 

Water cannot be created or destroyed except by physical or chemical 
means, but it can be rendered temporarily unusable* Water conservation 
consists of assuring a supply of pure or usable water in sufficient 
quantity for human use wherever and whenever it is needed* Specifically, 
water conservation involves prevention or removal of pollution, control 
of soil runoff, prevention of floods, impoundment in reservoirs, and 
other specific measures looking toward the overall goal* 

Recently, there has been great interest and research in the desalination 
of sea water* Deriving usable water from the sea is going to be 
necessary because of greatly Increased human needs. Rapidly growing 
human population and expanding Industry in some areas are outrunning 
natural supplies of freiah water* Of course water derived from the sea 
through evaporation has always played a major role in the water cycle, 
but the time is approaching when this must be supplemented by 
artificial means in areas of concentrated human use* Unless a 
practical method of getting fresh water from the ocean can be devised, 
water may well become a limiting factor for man before food does* 

Materials and Equipment ; 

1000 cc graduate cylinder 

metal cooking vessel 

Bunsen burner or other source of heat 

Potted cactus or other plant without leaves 

Potted geranium or other leafy plant approximately the same size 
as the cactus 



Razor blade 
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Microscope 

Slides and cover slips 
Plastic bags 
Tea kettle 

Chart or other form of illustration showing different types of clouds 
Newspaper or other source for daily weather map 
Metal cylinders made from small Juice cans with both ends removed 
Watch with a second hand 
Procedure ; 

1. Using a graduate cylinder to measure volume, put a predetermined 
amount of water into a metal cooking vessel* Let it stand at 
room temperature with the top off for 24 hours* Pour the 
remaining water back into the graduate cylinder. How much water 
evaporated over the 24 hour period? Calculate how long it would 
have taken for the entire volume of water to have evaporated at 
room temperature. 

2. Put the same amount of water into the vessel and bring it to 
a boil over a source of heat. After 15 minutes allow it to 
cool and pour the remaining water into the graduate cylinder. 

How much water evaporated during 15 minutes of boiling? 
Calculate how long it would have taken for the entire volume 
to evaporate with boiling. 

3. Compare the time involved for complete evaporation at room 
temperature and at the boiling point. How much more rapidly 
(5 times as rapidly, 10 times as rapidly, 100 times as 
rapidly) did evaporation occur at the boiling point than at 
room temperature? What do you think would happen at other 
temperatures? How is this related to the water cycle? 

4 . What are the three states in which water can exist? What is 
water vapor? Can you see it? Where does water go when it 
evaporates? What is meant by relative humidity? How is it 
calculated? How is dew formed? What is meant by dew point? 

How is dew related to frost? To tain? 
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5, Fasten plastic bags as closely as possible around: 

a potted cactus or other leafless plant 

a potted geranium or other leafy plant approximately the 
same size 

The pots should be the same size, and both plants should 
receive the same amount of water at the time the bags are 
fastened around them. The bags should be fastened around the 
bases of the plants rather than around the pots, and 
should allow approximately the same amount of space Inside the 
bag around each plant, 

6, Place the plants side by side In the sunlight, and allow them 

to stand for a few hours. Remove them to a cool place, and allow 
them to stand until moisture droplets form on the Inner 
surface of the plastic bags, Where did the moisture come from? 
What are the relationships Involved? Is there any difference 
In the amount of moisture on the Inside of the two bags? Can you 
you suggest reasons for any differences that you observe? 

Why did the moisture not appear when the bags were In the 
sunlight? What Is transpiration? 

7, With a razor blade remove a small, thin portion of the 
surface layer of the cactus, and of the surface layer of 

a leaf of the other plant. See If you can tear off only the 
outer layer of cells In each case. This may require several 
attempts and a little practice. Put a specimen from each 
plant In a drop of water on a microscope slide. Examine 
with the lowest power of the microscope. Describe any 
differences In structure that you are able to observe. Look 
for minute openings called stomata . They are located ssmong 
the surface layer of cells of the leaf. They have two small 
bean-shaped guard cells at the sides of the opening. What 
Is the function of these openings? How are they related to 
the appearance of moisture on the inside of the plastic bag? ' 

Is there any difference In the number or appearance of the 
stomata on the surfaces of the two plants? Is the total 
amount of surface different In the two plants? How does this 
affect the total number of stomata? 

8, What about the natural habitats of the two plants? Try to 
interrelate (a) the amount of moisture fromed on the inside 

of the plastic begs, (b) the surface structure of the two plants 
(c) the total amount of surface of each plant, andl (d) the 
natural habitat of each plant. What Is the relationship? Why? 
How does the amount of water evaporated from an acre of green 
vegetation compare with that from an acre of open water? 

9, Place a kettle full of water on a source of heat. Let It come 
to a boll. Watch the steam escape. Is there a small clear 
space between the opening of the spout of the actively boiling 
tea kettle and the steam? What Is in this clear space? What 
is the relationship between water vapor and steam? Why? 
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10. Study clouds and leam the different kinds of clouds. Observe 
cumulus clouds closely. How long do they retain the same 
detailed structure? How are they related to water vapor? 

How are they related to steam? How are rain drops formed? 
Snowflakes? Hailstones? 

11. What kinds of clouds are indicators of rain? What is the 
relationship of certain kinds of clouds asid wind direction to 
areas of low and high pressure? Study the dally weather nap. 

Look up Information necessary to Interpret it. Correlate 
your observations of clouds with what you find on the weather 
map* What does a farmer or other outdoorsman mean when he 
says, ”lt looks like rain”? What does he see that leads him 

to say this? 

12. On your school ground select a number of different kinds of 
locations: 

a. Grassy plot 

b. Packed area where the grass has been killed by trampling 

c. Ground that has been cultivated and the surface soil loosened 

d. Others 

Using a metal cylinder made by cutting both ends from a small 
Juice can, push the cylinder tightly against or slightly into 
the soil surface in each location. Do this in such fashion that 
no water can leak out around the lower edge. Fill the can to 
the same level with water in each case. Using a watch with a 
second hand, determine how long it takes the water to soak 
into the soil in each case. Is the time different for the 
different locations? What can you say about soil permeability? 
Whiat does surface vegetation have to do with it? How is soil 
permeability related to the run-off of surface water? How is 
it related to the water cycle? 



Further Considerations : 



How is the water cycle related to soil erosion? How is it 
flood control? How is it related to wildlife? How is it related to the 
location of human industry? To the distribution of human population 
and the location of cities? To the production of human food? 



Outline the water cycle as a cycle, and show all of the side relationships 
that you can think of. 



Days ind Wight ■ . Moons and Years 



Introduction ! 

A practical use for naturally occurlng cycles is the measurement of the 
passage of timOo We think of the passage of time in terms of numbers 
of particular cycles that have passed. How would the passage of time 
seem to us if we did not have readily observable cycles with which to 
measure it? This is interesting question which we cannot answer, 
because it is entirely hypothetical. We do not know anything about 
time passage without cycles. 

Many years ago a sclcenc fiction writer, Edgar Rice Burroughs, wrote a 
book called At the Earth *s Core , in which he imagined that the earth was 
hollow, with a concave world on the inside, kept lighted by a ”sun” 
located at the center. .This sun always stood still. There was no day 
and night. The climate was humid and tropical, and there were no 
seasons. Although people were born, lived and died, they had no way to 
measure time, and therefore no conception of its duration. Any moment 
seemed to last forever. We know that biological and psychological time 
do not necessarily correspond to physical time. Did you ever experience 
a moment that seemed like a much longer period? Can you think of other 
examples? How about differences in the rate at which people show the 
effects of age? 

People have used various cycles to measure time. We speak of days, months, 
years, generations. All of these are based on natural cycles: the day- 

night alternation, the phases of the moon, the seasons, and the human 
life cycle. We also use other time measurements: minutes, hours, weeks, 

centuries, millennia. These are based on arbitrary time intervals 
rather than natural cycles. 

Many primitive peoples were apparently better able to comprehend shorter 
cycles than longer ones. Thus they reckoned time in "moons'* rather 
than years of the type that we use, based on the seasons. The American 
Indians are said to have reckoned time in "moons". Among agricultural 
peoples the alternation of "seed time and harvest" may have been used 
to mark the passage of time. Something akin to this is apparent in the 
thinking of farmers even in our own time. 

The word "year" has been applied loosely to all of these cycles: the 

lunar period, the periodic occurrence of sowing and harvesting, the 
period marked by the passage of the seasons due to the orbiting of the 
earth around the sun. The word "day" has been similarly loosely applied. 
V/e say of an old man, "in his day he accomplished many things." 

In this laboratory experience we will examine certain naturally- 
occurring cycles and their use in the measurement of time. 

Materials and Equipment : 

Source of information (almanac or dally newspaper giving weather and 
astronomical data) for time of sunrise and sunset 

Calendar or almanac showing phases of the moon 



Field glasses 
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Copy of the Christian Bible (any translation) or the Jewish Pentateuch 
Dally weather maps (newspaper or other source) 

Fever thermometer 
Proceudre: 



1. Locate a source of information that gives the time of sunrise and 
sunset each day* Calculate day-length for a period of successive 
days* How much does each day Increase In length during the spring, 
and decrease during the fall? Is the amount of increase or decrease 
the same for each day? If not, does it exhibit a pattern? Does the 
Increase or decrease occur at the beginning or end of the day? Or Is 
It divided evenly between the beginning and the end? Is It always 
the same, or does it occur sometimes one way and sometimes another? 
Can you state a generalization ecneernlng the> progressive changes In 
day length? Why is this an example of directional change which, If 
observed over a long enough period, is really cyclic change? 

2* When is the longest day in the year? The shortest day? Are the 

dates always the same? How is length of day related to the seasons? 
To temperature? To other environmental factors? What Is ”seasonal 
lag"? Under what conditions does It occur? 

3* How Is length of day related to the behavior of humans? Of other 
animals? Do we behave differently In seasons of longer days and 
shorter days? How? How Is the singing of birds related to time of 
day? To light? How is bird migration related to day length? What 
are some animals that are active during the day (diurnal)? During 
the night (nocturnal)? During the morning and evening twilight 
periods (crepuscular)? How do Eskimos respond to periods of six 
months day and six months night in the far north? How do mammals 
other than man respond? 

4* A lunar cycle is approximately 28 days long, from any particular 
point in one cycle to the corresponding point in the next cycle. 

What ai'e the phases of the moon? Look them up on a calendar. 

Follow them by observing them on clear nights for a month. What 
causes the phases of the noon? Look at the moon through a pair of 
field glasses when It Is full, and again when it is at either first 
quarter or thim quarter. Can you distinguish craters, mountains 
and plains? See If you can distinguish the shadows of the lunar 
mountains at the edge of the dark portion. How long a period Is a 
*'day" on the moon? A ”nlght"? Why do we never see the other side 
of the moon? 

.5, How many lunar cycles are there In a calendar year? How does this 
number compare with the number of months? How was the number of 
days in each calendar month determined? 



6. The ages of the patriarchs, as given in the Bible in the Book of 
Genesis (also in the Jewish Pentateuch) ate d part of our cultural 
heritage. Have you ever heard it said of a very old person, He is 
as old as Methuseiahj‘“? Bow old does the Bible say Methuselah was 
when he died? Read about the ages of the patriarchs in Chapter 5 of 
the Book of Genesis, Tlien divide the stated age of each of them by 
the number of lunar cycles in our calendar year. What is the result? 

How old really was Methuselah? How old were the others? 

7. Among agricultural peoples the calendar year tends to be thought of 
in two more or less equal protionss seedtime to harvest , and 
"harvest to seed time”. If each of these .eriods was thought of by 
some of the early biblical peoples as a ”year”, so that one of our 
calendar years becomes two "years” in their reckoning, we have a 
possible explanation for some o'^ the other ages given in the Book of 

Genesis. 

8, Read the chapters in Genesis following Chapter 5, Look up especially 
the ages of Abraham and his wife Sarah when their son Issac was born. 

Look up the age of Jacob when he died, and the age of Moses 

when he died (Deuteronomy 34:7), Divide by two. If the hypothesis 
which has been suggested above is true, how old were they? Not all 
of the ages stated in Genesis fit either the 'lunar year hypothesis 
or the "agricultural year” hypothesis, but a large number of them do. 

What might have led the same tribe of people to use first the lun^ 
year" and later the "agricultural year” itt their reckoning of time? 

9, What animal activities are affected by lunar periods? See if you can 
find any specific examples. What effects does bright moonlight have 
on animal activity? Do birds ever sing when the moon is full? Why? 

What kinds* of birds? What part have the phases of the moon played in 
human activities? In ancient religions? In the customs of primitive 
peoples? In folklore and superstition? Are plants ever affected by 

moonlight? 

10, Moonlight is polarized light. How does polarized light differ from 
other light? Why is moonlight polarized? Is light reflected from 
a mirror polarized? 

11, Study daily weather maps each day for a month. Observe the weather 
each day during the same period of time. Does the weather follow 
the map? To what extent are weather forecasts accurate? How are 
they made? How are the maps made? Visit a local weather station 
and see the scientific weather observers in action. Watch for the 
monthly long-range weather forecast in your local paper. How 
accurate is it? How is it made? How has weather forecasting 
become more efficient as a result of the orbiting of weather 
satellites? 

12, Are there cycles of weather? How much is there to an old weather 
proverb such as, "if it rains on Easter Sunday, it will rain for 

seven Sundays after"? Do frontal systems (bringing storms and rainfall) 
tend to pass across the continental United States about once a week, 
especially during the spring and fall? Try this out as a hypothasis. 



Study a series of dally weather maps to test It. Does this cycle hold 
for other parts of the world? Why or why not? Are there other 
weather cycles In other places? What about longer climatic cycles? 

Can you think of any reasons why weather and climatic cycles have 
not been used to measure the passage of time? 

13. How long Is a human generation (from birth to reproduction)? How 
many human generations, defined In this way, are there in a century? 
Ihere Is also a human "memory generation". How old Is the oldest 
person that you know? When was this person born? If this person 
remembers a person of similar age who lived when he or she was a child, 
when would that person have been born? How many such memory 
generations heve there been since the Civil War? Since the 
Revolutionary War? See how far back you can trace memory generations, 
starting with yourself. Have human generations ever been used 

to measure the passage of time? Which kind of human generation do 
we mean when we say that something happened "a generation ago"? 

14. A number of physiological cycles take place In the bodies of humans 
and other animals. How many of these can you think of? What about 
the heart beat? Look up a description of heart action. Is It a 
cycle? What Is an electrocardiogram? What does It show? What about 
body temperature? Is It always 98.6 degrees Fahrenheit when a 
person Is healthy, or does it change each 24 hour period? Which 

Is more stable, the body temperature of a child or that of an adult? 
Take your own temperature at Intervals of four hours over two 24 
hour periods. Is there a cycle? Find out about as many other 
physiological cycles as you can? Could you measure the passage of 
time with them? Why are they not used In this way? 

Further Considerations i 

What have people believed in the past about the effect of the phases of 
the moon on living organisms? Talk to old people whom you know, and 
write down as many moon ptoverbs as you can find. Are there any that 
you think might have a badls In fact? Why? Try out some of them by 
observation and/or experimentation. 

After similarly questioning old people concerning weather proveA*bs, 
write down as many of these as you can. Which ones do you think might 
have a basis In fact? Why? Could you try out some of them by observation? 




Idea of Directional Oiange in Hesponse to the 
Challenge of the gnyiromaent 

1. Idea-Bridge: "Thinking About Evolution and Directional Change" 

2. Laboratory Experiences: 

a. "Normal Curves Describe Variation in Nature" 

b. "Variability in Human Feet" 

c. "Variation in a Population" 

d. "Natural Selection at Work: A Field of Competition" 

e. "Selection and the Gene Pool: A Working Model" 

*Pvotectlve Coloration: A Mechanism for Survival" 

E* A Quantitative Study of Competition Between Species" 

h. "a Mental Experience: Directional Change in the Human 

Species, the Long Line" 

♦i. "Extensions of Man's Body: How They Have Evolved" 



♦Includedin Bulletin No. 313, NDEA Title III, Open-Ended Laboratory 
Centered Science for . Grades 7-8-9 . Michigan Department of Public 
Instruction, Lansing, Michigar, 1965. 



Thinking About Evolution and Dtrecttonal Change 



The Idea Involved In an understanding o£ evolution can be stated rather 
simply: Variation » plus the survival of that which "works” , r esults in 

evolution . If you wish to set up a symbolic expression of It you can 
easily do so: 

V + S « E 

In which V « variation 

S ■ survival by natural selection 
of that which works 
E « evolution (generally 
directional change) 

Evolution Is the process of change, change In plant and animal forms, 
change In the physical world, and change In the- social world of habits, 
customs. Ideas, beliefs, what man does, and the things he has Invented 
and uses. It Is the continuous adjustment of anything to the demands 
of a changed or changing environment. It does not always consist of 
directional change, but It usually does. Some If It Is due to chance, 
but most of It Is due to the selective action of the environment, acting 
on something that exhibits variation. 

Evolution results from a combination of two of the basic behaviors which 
scientists have found to be general properties of nature. They have 
learned to expect nature to show variation and change. They have also 
learned that In nature that which "works" survives and tends to perpetuate 
Itself (or be perpetuated), rather than that which does not "x^rork", or 
that vdilch "works" less well. VThen variation and change Interact with 
survival and perpetuation, whether In biological nature, physical nature, 
or the various modifications and applications of nature that man has 
made, evolution, generally In the form of directional change. Is the 
result. 

Although we usually think of variation In connection with living organisms 
It Is by no means limited to them. All kinds of things exhibit variation. 
The inventions and innovations In man's tools, machines, and other devices 
are directly cocq>arable to the mutations that occur among living organisms 
The various possible solutions that we think of to meet our life problems, 
and try, one at a time, until we find one that works, are also con^arable 
to the variations that we see In nature. 

The same Is true of variant forms of social and political systems, of 
variant forms of group activity, of new phlllsophlcal Ideas and inter- 
pretations, of the development of new words and forms of expression in a 
language, of new styles and types of clothing. 

In the natural world, even though atoms, molecules, crystals, and other 
basic physical particles and structures are presumably Identical or 
closely similar at the level of detail at which we are able to examine 
them, the aggregates of these (stones, beds of rock, pieces of ore, 
chunks of metal, mountains, lakes and rivers* air masses* solids* liquids 
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and gasds) show variation and change. Physical processes— sa'sh as erosion» 
deposition, rate of flow, rate of evaporation, rate of chemical reaction- 
all vary. 

The other characteristic of nature on which evolution depends is the survival 
of that which is operationally successful. This, likewise, is equally char- 
acteristic of living nature, of that which man makes and does, and of non- 
living nature, insofar as it exhibits variation and change. That which 
“works’* survives, and that which does not “work", or that which “works” 
less wall is eliminated, either immediately or eventually. A single failure 
will not necessarily defeat or destroy it, but continued failure will do 
so. Nothing can continue to exist if, in the long run, it is consistently 
unsuccessful. 

This is as true for an individual's failure to find % solution for or adjust 
to a life situation, or the failure of the buying public to accept an 
Innovation In the design of an automobile, or the failure of a new labora- 
tory experience to succeed with a class, or the failure of a new word to 
find a permanent place in the language, or the failure of a new political 
movement to succeed, as it is of the failure of a white squirrel to survive 
in nature. 

And survival ai.one is not enough. That which survives must perpetuate it- 
self (or be perpetuated) if it is to continue to be a factor in the world. 
Survival generally implies perpetuation, but not always. A rabbit showing 
a particular variation may live through the winter, but may not be strong 
enough to mate and produce young when spring comes. An innovation in 
clothing may be widely used for a year, but then pass out of use and be 
forgotten, while another takes its place. A new song or play or novel may 
enjoy ten^orary popularity, but not turn out to be one which will become 
a classic and “live” into the next century, or become a starting point of 
a new literary style. Many temporarily successful variations (mutations, 
innovations) are like this. 

If, howdver, the variation (mutation. Innovation) “works” an^ is successful, 
if it “works” better and is more successful than other forms, and if its 
perpetuation is possible, it will continue to survive. If the situation 
involves competition, it will ultimately displace the less successful forms. 

This is change. So long as the situation which determines success or 
failure remains the same, and variations are available on which it can 
operate, the change will continue in the same direction and will make 
for more and more successful adjustment to the demands of the situation. 

This is evolution, regardless of whether it occurs among living organisms 
or in the physical or socijil world. 



O 




♦Normal Dlstributton Curvei Describe Variation in Nature 



Introduction ; 

Ihere is variation in everything. Sometimes we are able to account for 
these differences. More often we are not able to do so. They are accepted 
as a fact of nature. Darwin assumed as a fundamental fact that no two living 
organisms are alike. He made this one of the bases for his theory of evolu-* 
tion through natural selection. Darwin did not know about genetic mutation, 
which we now know Interacts with the environment to cause variation. 

In nature even .among offspring of the seune parentage, the Interplay of 
genetic and environmental factors results in a wide range of variation 
among organisms of the some kind. It is rarely possible to adequately 
describe two or more living things by saying that they are "as alike as 
two peas in a pod", ^en in cases where ve can do so, close inspection and 
measurement will show that there are detectable differences. Among people 
only Identical twins are nearly alike. They possess identical heredity, 
but even with them, slight differences may occur due to the Influence of 
environment. 

One way to see the occurrence of variation and its distribution in nature 
is by measuring a collection lima bean seeds. 

Materials and Equi pment : 



1 lb. dry lima bean seeds of the same kind 
(either large or "baby" limas) 

12 large test tubes and a test tube rack (4 oz. fruit Juice glasses 
or wine glasses may be substituted, if they are made of clear, 
transparent glass) 

Magnifying glass 

Millimeter rule 

Glass marking pencil 

Graph paper 

Simple balance measuring weight in grams and fractions of grams 



Procedure ; 

This experience is best carried out by individual students or by students 
working in pairs,, The final results obtained by «he individuals or pairs 
may be combined at the end of the experience to provide a larger sample. 



* 

In collaboration with Dr. Sylvan Mikelson, School of Education, Wayne State 
Univera|.ty, Detroit, Hichgan, and his graduate students.. 



Measure the beans in groups of ten. Each ”ten" should be selected at 
random, e.g. , counted as they are poured out of a bag or other container. 

Measure the greatest length of each bean with the millimeter rule. Deter- 
mine the length to the nearest millimeter, using the magnifying glass for 
close distinction. You will soon develop a skill in doing this, such that 
the Job will proceed relatively rapidly. 

When you have measured the first be^n, file it in a test tube or glass, 
and mark the length on the glass. Do this with the second bean, if it is 

a different length, or file it in the same container if it is the same 

length. Ciontinue until you have completed the first group of ten, setting 
up a new container every time you find a bean of a different length. Do 
your containers form a continuous series (e.g. , 12 mm., 13mm., 14mm., 15mm., 
16mm., etc.), or is the series incomplete? Have the beans begun to “pile 

up" in one of the containers? When they do so, the length which occurs 

most frequently is called a mode. Where is it located in the series? Is 
there more than one mode? Write down your answers to these questions. 

Measure a second group of ten, proceeding as before. When you have com- 
pleted it, answer the same questions asked at the completion of the first 
group of ten, and record your answers. Are the answers the same? If they 
are different, in what ways do they differ? Continue with a third gro'^p 
of ten, record the answers. Follow with additional “tens", as long as 
you have time to or care to continue the experience. Keep a record of the 
number of “tens” that you have measured. 

Row many “tens” did you have to measure before new size classes ceased to 
appear? How many "tens" did you have to noasure before a definite taode 
becaqie apparent? In which “tens" did you find the longest and shortest 
extremes of the population? Does this tell you anything about the probability 
of pulling a single bean at random from the population, which would be 
representative of one of these extremes? When a single specimen of an 
extinct race of man is discovered which differs widely from modern man, what 
do you think of the argument that it is a “freak"? How valid do you 
think it is to generalize on the basis of a single, interesting case 
in dealing with any kind of data? 

How many “tens" do you think it took to consititute an adequate sample of the 
bean population? Would your conclusions concerning the nature of the popu- 
lation have changed if you had continued beyond this point? Try to frame 
a definition of an "adequate sample" which would be applicable to any kind 
of population. 

Count the total number of beans in each size class, and construct a graph 
showing the relationship of sizes to the numbers in each size class. 



Numbers 



Sizes (length in mm.) 
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To what extent does the graph showing your results approximate a normal 
curve? Would measurement of a larger sample have given you a better curve? 
On the basis of your graphs do you wish to modify your conclusions con- 
cerning the size of an adequate sample? Do you wish to add to, or modify 
your definition of an adequate 'sample? 

Combine the results obtained by other members of the class* Construct a 
similar graph showing results from the entire class* Do you get a better 
curve? If so, why? Is there a change in either the extremes of the popu- 
lation or the mode when the results of the entire class are combined? Do 
you wish at this time to further modify your conclusions concerning the 
size of an adequate sample? 



Further Considerations ; 

How do political poll takers determine what contltutes an adequate sample? 
What factors in addition to size of the sample do they have to take into 
consideration? How accurate are their results? 

As you measured the lima beans, did you notice any other kinds of variation 
other than length of the seed? How about width of the seed? Shape of the 
seed? If you were to w'eigh all of the seeds in each size class, or an 
adequate sample of them, do you think that the weight of each seed would 
necessarily bear the sxme relation to their common length? Or would there 
be a normal curve of different weights within each size class? Try this 
and see, if you have available a simple balance, measuring weight In grams 
and fractions of grams* 

What about other kinds of seeds? Nuts? Fruits? Leaves? What about various 
kinds of common animals? What about humans? Is the kind of variation which 
you have studied in lima beans characteristic of all forms of life? Do 
you think that you could set up normal distribution curves for variation 
occurring in other living things? Try it in any case where you can obtain 
a sufficiently large population to consltutute an adequate sample* 

What about variation in non-living things in nature? What about variation 
In things that man has made? How would you describe variation In the classes 
of things that man has made? Does it differ from variation In living nature? 
In non-living nature? How? Why? 

Can variation among living things be related to survival In nature? How? 
What would be the equivalent of "survival** in the case of man-made things? 
Would the equivalent of ‘‘variation** In the case of man-made things be 
related to this? How? 








*Variabllltv in Human Feet 



Introduction ; 

Everyone is aware of differences in shoe sizes. They are a standardized 
means of expression of variations in the shape and size of people s feet. 
Even so, the standardization fails to take into account many individual 
variations. Do you have difficulty getting fitted in shoes? Do you have 
difficulty wearing certain styles of shoes? Are both of your feet alike? 

Many of the characteristics of people's feet can be expressed in terms of 
the ratios of certain measurements to one another. In terms of variation 
within a population, these characteristics can be shown in the form of 
graphs and scattergrams . All you need to do to study them is to make and 
record a series of measurements on a group of people of comparable age. 
Would it be well to consider the measurements of boys* and girls feet 
separately? Try to find an answer to this question as you go along. 



Materials and Equipment ; 

18 -inch rule cut from a yardstick, for measuring feet 
The remainder of the yardstick, cut into two 9-inch lengths 
Steel carpenter's tape, for measuring height 
Graph paper 

A group of people of comparable age (a class of about 30 individuals) 



Procedure ; 

Students should work in pairs, each making measurements on the other, and 
checking each other in recording data. 

Measure the length of the right foot to the nearest half-inch, from the 
heel to the tip of the big toe. Do this by placing the foot on the 18-inch 
rule, and setting one of the 9-inch rules at right angles to the 18-inch 
rule snugly behind the heel, and the other snugly in front of the big toe. 
Collect the foot lengths of all members of the group, and construct a 
graph showing the range of variation in foot length in the group: 



Numbers of 
individuals 



Foot length (half -inches) 

*In collaboration with Dr . Beth Schultz, Department of Biology, Western 
Michigan University, and Diane Exworthy and Ted Gottshall, students in 
the Department. 
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If both boys and girls are includtd in the group, do the boys tend to be in 
oL pLt of the range, and the girls in the ether? You may represent this 
by making three distributions on your graph, one to include •’“J® ° 

girls only and one the entire group. You may use black and red lines t 
distinguiL boys and girls, and a third color for the line representing the 

entire group. 

How measure the height of each individual to the nearest inch, and set up a 
ratio for each individual; 

length of foot in inches : height in inches (e.g.f 8.5 : 67) 

Compare the ratios for all members of the group. Is there any 
relationship between height and length of feet? Do tall 
bigger feet? Do short people always have smaller feet. Is 
the same as the right? What is the relationship 

size of shoe worn? Is the relationship the same for children s sizes and 
adult sizes? For men*s sizes and women's sizes? 

You can study the relationship of foot length to height for the 
by constructing a scattergram. Do this in the same way that 
the graph showing distribution of foot length, except that in 
horizontal axis of the graph shows foot length, and the vertica a 
height. Each individual in the group is represented by a dot at the pol 
where the lines representing his height and foot length intersect; 



Height 
(Inches) 67 



an individual 




J 



Foot length (half-inches) 

In plotting the entire group in this fashion, if two individuals should 
happen to show identical foot length and height, and thus be 
by the same point, this can be shown by placing a small (2) near the poi . 
In a group the size that you are measuring, such duplication is unlikely. 

If both boys and girls are included in the group. Hack dots may be use 
for one, and red dots for the otehr. 

In this scattergram, if the heights and foot lengths were to show a direct 
correlation in all cases, all of the dots representing indivxduals would 
be in a diagonal straight line rising from the lower left to "PJ” 
rieht Why? Does the actual distribution of the dots give any indication 
of an approach to such a correlation? Does the scattergram give you a 
picture of the relationship of foot length to height in the population 
represented by this small group? 



o 
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Now measure the greatest width of the right foot to the nearest quarter* 
f I inch. The greatest width is found across the ball of the foot» in front 

of the arch) at about the point where the toe bones attach to the body of 
the foot. Proceed as you did in measuring the length, by using three 
rules, two set up at right angles at the sides of the foot. 

Construct a scattergram for foot width in relation to height. Here again 
you may use black and red dots to distinguish boys and girls: 



Height 

(Inches) 



Foot width (quarter -inches) 

Is there any correlation between foot width and height? Do tall people 
tend to have narrow feet? Do short people tend to have broad feet? Is 
the opposite true? Compare the picture shown in this scattergram with 
that for foot length and height. Are they similar? Are there any apparent 
differences? Can you make any generalizations about either foot length 
or width in relation to height? Is the left foot the same width as the 
right foot? tOhat is the relationship between width of foot and shoe size? 
How is width of foot expressed in terms of shoe size? 

) Now set up a scattergram to show the relationship between width and length 

of foot. Again, you may use blAck and red dots to distinguish boys and 
girls: 



Foot width 
(quarter - inches ) 

Foot length (half-inches) 

Is there any correlation? What kind of picture do you get? Note the dots 
representing individuals with long, narrow feet. With short, broad feet. 
Are there any with long, broad feet? With short, narrow feet? Find out 
by inquiry within the group if there are any individuals who have diffi- 
culty getting fitted with shoes. Note what type of feet they have. Do 
you think that the relative numbers of such types which occur is in any 
way related to their difficulty in finding suitable shoes? Why? 

Now determine the distance from the tip of the big toe backward to the 
line which marks the greatest width of the foot. Measure this distance 
to the nearest half-inch. Set up a ratio of this distance to total length 
of foot: 



distance from tip of big toe to line of greatest width : total 
length of foot (e.g., 2.5 : 8.5) 





Agflin compare the ratios for all members of the group* Is there any consls** 
tent relationship? . What effect do you think that differences in this relation 
ship might have on the relative degree of comfort one would find in wearing 
different styles of shoes? Set up a scattergram showing this relationship 
for the group: 



Tip of big toe to 
line of greatest 
width ““ 

(half -inches) 



Foot length (half -inches) 

Is there any correlation? What kind of picture do you get? Compare it 
with the picture obtained for the relationship of foot width to foot 
length. How important do you think this relationship is? To what extent 
do shoe stylists and manufacturers take it into account? To what extent 
do purchasers of shoes take it into account? To what extent should they 
do so? 

Now establish an arbitrary line at right angles to the length of the foot 
three inches in front of the tip of the big toe. Then measure the distance 
to the nearest quarter-inch from this line backward to the tip of the 
second toe. Set up a ratio of these two distances to one another: 

distance to tip of big toe (3 in.) ; distance to tip of 
second toe (e.g.> 3 : 3.25) 

Compare with all other members of the group* How much variation do you 
find? In what percentage of the cases is the big toe longer than the 
second toe? In what percentage are the two equal in length? In what 
percentage is the second toe longer than the big toe? 

Now measure from the same arbitrary line backward to the tip of the little 
toe (fifth toe). Again measure to the nearest quarter-inch. Set up a 
similar ratio: 

distance to tip of big toe (3 in.) : distance to tip of 
little toe (e.g., 3 : 4.75) 

Compare with all other members of the group* How much variation do you 
find? In terms of the relative distances from the arbitrary line to (1) 
the big toey (2) the second toe^ and (3) the little toey describe in broad 
terms the profile of the end of each person's foot. Draw this profile 
for each member of the group on a piece of plain papery first drawing a 
horizontal reference liney equal in length to the previously determined 
greatest width of the foot. How measure the- dis4:ance8 to the tips of the 
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thlrd and fourth toes ar.d Include these in the profile. Do they change 
its general character? 

Sunmarize what you have learned in this laboratory experience with regard 
to variation in foot shapes and sizes. To idiat extent have you added to 
your understanding of variation as a general characteristic of the natural 
world? 



Further Considerations ; 

What other relationships can you think of that would add to your picture 
of variability in the shapes and sizes of human feet? Think in terms of 
how you would measure them. What additional individual differences and 
peculiarities have you observed in connection with your study of the feet 
of the group? What others do you know of that were not observed in the 
group? Do you know of any in your own family? In the families of others? 

Foot characterristics are often strongly hereditary in families. Can you 
trace any of these in your own family? How far back? Are your feet like 
those of your parents? Do they more strongly resemble the feet of one 
parent than the other? Look up information on the heredity of foot char- 
acteristics. 

What about hand characteristics? These are also strongly hereditary. Do 
your hands show any characteristics similar to those of your feet? If so, 
why might you expect this to be true? What about the hands of other mem- 
bers of the group? 

See if you can find out about any hand or foot characteristics that might 
be detrimental to successful adjustment to human living* What effect do 
you think this might have on the survival and perpetuation of these char- 
acteristics in the race? What is meant by the "human gene pool”? 



Variation In a Population 



Introduction : 

Variations within populations of plants and animals in nature constitute 
the raw material upon xdilch natural selection works to produce evolutionary 
change. Of course not all of these variations are inherited. Some are 
due to the operation of the environment during development. Iff however, 
we study the individuals of a population which has developed in what 
appears to be a uniform environment, and find readily apparent variations 
occurring among them, we may assume that these are probably due to heredi- 
tary differences. 

Since plants do not move around, they are easier to study than animals, and 
are more likely to develop under a uniform environment. Furthermore, it 
it often easier to find large populations of a single kind of plant than 
of a single kind of animal. This ii favorable from the standpoint of dis- 
covering and studying variations. We are all familiar with large popu- 
lations of domestic plants (e.g., corn, wheat, soy beans, potatoes, 
domestic flowers.) Wild flowers also frequently occur in large populations. 

For this laboratory experience we have chosen a very common wild flower of 
the eastern deciduous forest region of North America, which exhibits a wide 
range of variations* A person wishing to carry on this laboratory experience 
in a different region can easily substitute a species of wild flower conmon 
to that region which exhibits a similar wide range of variation. 



Equipment and Materials ; 

An available area where relatively large populations of common wild 
flowers can be studied. 

A field guide for identifying them (Rickett, Harold W. , American Wild 
Flowers. G.P. Putnam's Sons, New York for the eastern United States.) 



Procedure ; 

1. Find a spot in open woods or forest edge in spring, where the ground is 
covered with a large population of the small wild flower, spring beauty 
(Claytonia virginica) * This is easy to do anywhere in the eastern 
deciduous forest region of North America, since spring beauty is one 

of the commonest of spring wild flowers. 

2. Observe carefully all variations in flower type that you can discover. 
In spring beauty such variations are common, particularly in shade of 
color, shape of petals, and size of petals. Write down descriptions of 
as many variations as you can find. Draw sketches of them if you wish. 
Do you find that these variations can be grouped into a few definite 
categories? If so, is there a range of variation within each category? 
Can such variations within a category be described in terms of a normal 
curve? If not, how can they be described? Are individuals exhibiting 
certain variations more numerous than others? What do you suppose may 
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havc causod such 'differences in nuniber? Natural selection? Location? 
Chance? An)^ other cause? Justify your answer. 

3. In spring beauty, the population in any particular limited area, such 
as that under a single tree, seems to be divisible into a series of 
"clones" or clusters of plants having flowers of similar type. Why do 
you think this is so? Does the plant's method of reproduction have 
anything to do with it? How does spring beauty reproduce? Does it 
have more than one method of reproduction? 

In case you are using some flower other than spring beauty, sec if you 
can determine a relationship between the distribution of variant 
Individuals in the population and the method of reproduction. Would 
a mutation occurring In a plant having a vegetative method; of repro- 
duction have a better chance of surviving In a population than a 
mutation occurring in a plant that reproduces by seeds only? Why, 
or why not? 

4. Can you think of any reasons why some of the variations that you have 
observed in spring beauty might be more survivable than others in the 
envlromaent in which the plant occurs? Can you see any variations 
that you think might be valuable to the plant? Any that might be 
detrimental? Why? Are the numbers of individuals of the different 
variant types related in any way to the apparent survivability or 
non-survivability of these types? If not, are they related to any- 
thing that you can discover? Can you devise a hypothesis to explain 
what you find? 



Further Studies ! 

Repeat the experience x^ith one or more species of flowers other than 
spring beavity (or whatever species you used in your original study). 

Do you find more or less variation than in your first species? Devise 
a hypothesis to atten^t to explain what you find. Is there as much 
variability among domestic flowers as there is among wild species? Why, 
or why not? What part do you think that the kind of variation that you 
have been observing plays in evolution? 









NatiitAl Selection at tJorks A Field ol Cotepetltion 



Introduction ; 

Selection among living organisms in nature?, occurs as a result of elimination 
of the least fit. These are the members of a species that are unable to 
survive under the conditions that the environment presents. They are not 
"good enough to get by." It is like a game in which those tdio are not able 
to compete are eliminated from further competition. Athletics— all kinds 
of games— are like this. We compete for grades, for social acceptance, to 
"keep up with the Joneses." 

This laboratory experience is a "tournament" (like a basketball tournament) 
to determine which student in the class is able to put a simple puzzle 
together in the shortest time. Since we will run a series, of contests, 
using the same puzzle, the ability to improve the skill involved in putting 
the puzzle together will play an Important part in determining who will be 
the winner. 

In each series of contests it is the least skilled that are eliminated, but 
the process continues through maoy series of contests, so in the end, it is 
the most skilled, or those Individuals who are capable of becoming the most 
skilled, that survive. It is much the same among living organisms in nature. 



Materials and Equipment ; 
Filing cards, 3" x 5" 
Tags 
Scissors 
Envelopes 
Ruler 



Procedure ; 

1. For this laboratory experience a simple puzzle should be prepared for 
each member of the class. All puzzles should be made according to the 
same pattern. Each one consists of a 3" x 5" filing card cut into 10 
pieces. (This is the same kind of puzzle that was used in the laboratory 
experience entitled A Simple Learning Cutva * ) 

The 10 pieces into xdiich the card is cut should be approximately the 
same size, and of as many shapes as possible. The cuts, however, must 
all be along straight lines. It is best to draw lines (lightly with 
pencil) to indicate the cuts before doing the cutting. The pieces of 
each puzzle should be placed in an envelope and given to the students, 
but neither pieces nor envelopes should be marked in any way* 
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2. A series of numbered tags, beginning with (1), 

equS to the number of students in the class. These »»*o^d 
up, and each member of the class should draw a number. Jfcis will 
determine his participation in the first series of contests. 

3 Students will contest in pairs. As many pairs may contest at a tto 
’ as there are umpires to watch them. Students who are not * 

at a particular time may serve as umpires. In each contest the 
studeSt who gets the puztle together first is the winner, 

4, Each student will contest ® rad*(4)!*(5/^d 

the first trial, the pairs numbered (1) and (2), (3) ana v - 

(6), (7) and (8), and following, will contest. For 

numbers (1) and (3), (2) and (4), (5) and (7), (6) and (8), a 
f^lowinL will contest. For the third trial, nundiers (1) and (4), 

^2^ and ^31 (5) and (8), (6) and (7), and following, will contest 

Stid“ts^?oUS aU tSi; of'the cinUsts will retire from the gomu. 

5, The numbers should be collected at this point, ®e g studants 

who are still in the game will draw new numbers in ® 

with (1), They will repeat the process, each contesting three ti^ 
in the same numerical order as before, using the same puzzle, Agai 
the three-time losers will retire from the game. 

6, Additional contests following the same pattern will continue 
students except one have been eliminated. This remaining su 

be declared winner of the tournament. If more th^ ?,"f ^‘?^..«'nne 

been engaged in the same laboratory experience, the cham^ra ^f one 

class group may contest with the "champion of another, 

done if the same puzzle has been used in both classes. I • not? 

puzzles have been used, the situation would not be comparable. Why no 

How is this lahoratrry experience like selectira in gJttics? 

different? How is it like competition in the field of business p 

How is it different? 



Further Coks ider at ions ; 

can you think of ways to modify the experience to give ® 

to compete? Should everybody get a change to compete with ev y 
bailee in ?he first series of contests? Should each of ”8 

in the second and later series of contests get a 

each other person remaining in the same series? Would this give ~ 
reliable results? Try it with a new puzzle, and see if the results ar 
rte sam^ ordifferent! Why might the results be the same? Why might they 

be different? 

Try other skills in cosq)etition. What about an 

match? This would be a contest involving correctness rather than sp e e d. 
What about an old fashioned "ciphering" match (working simple ““^tic 
Sobl^Vthe skills of adding, subtracting, -“Itiplying. a^ 

This would be a contest involving correctness along with speed. Can y 
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think of other possibilities? What about manual skills? If you try some 
of these other kinds of competition, do you find that the same persons 
tend to win different ones? If so, vhat does this Indicate about patterns 
of abilities? If not, what does it indicate about such patterns? 

If we wish to find out which student can put the puzzle together most 
quickly, why not simply time each student with a stop watch? What would 
we have missed if we had done this instead of what we did? 

How does natural selection work in terms of adaptation to the environment? 
In terms of directional change in nature? Is all change evolution? Are 
there any factors other than natural selection at work in evolution? If 
so, what are they? How inqiortant are they? Do you think that natural 
selection is working in the case of own? If so, what kinds of changes is 
it producing? 



J 
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Selection and the Gene Pool; A Working Model 



Introduction ; 

Inherited characteristics In man and other species of animals, and In plants, 
are brought about by determining agents called genes , which are carried In 
the nuclei of all of the cells of which an Individual is conq>osed. These 
genes are passed from patents to their offspring through the germ cells 
^ sperm and ovum) which come together at the beginning of each individual’s 
life, and unite to form the single cell from which the new individual starts. 
This single cell is called the fertilized ovum or zygote . 

The two germ cells (called gametes) are in reality only half-cells from the 
standpoint of the hereditary material that they contain. The two half -cells, 
when they unite, make a whole cell, the fertilized ovum. This makes it 
possible for the amount of hereditary material in the form of genes to 
remain constant from generation to generation. 

All of the genes that are found in all of the individuals belonging to a 
particular species (such as man) may be thought of as making up a single 
huge mass or pool. Each individual then consists of a temporary sampling 
of genes drawn from this pool, and if he or she leaves descendants, these 
genes are eventually poured back Into the pool. 

Imagine the gene pool of a species to be comparable to a swimming pool filled 
with water. Each individual of the species, then, is a cup of water drawn 
from the pool. If he or she does not reproduce, the cup of water is poured 
out onto the ground. ^ 

A human pair must produce at least two children to replace themselves in the 
population. If they produce only one child, then another pair must produce 
three to replace themselves and one of the first pair. In this case a part 
of the two cups of water representing the first couple is poured out onto 
the ground, and only a part back into the pool. In the case of the second 
couple, the equivalent of three cups of water are poured back into the pool 
for the two taken out. Thus the gene combinations found in the second couple 
are favored in the next generation, while those found in the first couple are 
partially eliminated. 

The gene pool of the species, therefore, slowly changes, with an increase in 
the percentage of those genes which are found in individuals that reproduce 
to a greater extent, and a decrease in the percentage of those genes which 
are found in individuals that reproduce to a lesser extent. If there is any 
factor which interferes with or cuts down the rate of reproduction in the 
case of a particular gene or combination of genes, and this factor operates 
constantly and consistently over a number of generations, then this gene or 
gene combination will ultimately be eliminated from the gene pool, and will 
be replaced by a more successful gene or gene combination. 

There are many kinds of factors which may operate to cut down reproduction of 
certain genes and gene combinations. Their operation brings about the process 
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cUed natural selection . A factor which af *“fLior 

:;ntln:es^rorcr te. sclccgior ^s.ure ~<*i£ies the |ene pool in a particu- 
lar direction. This results in directional chat^ in t e p 

It ia possible to set up a ^del 'f ifn^Lssar^^ 

gene pool representing a species. For tnis „n enme size and 

such as beans, or corn grains, or buttoM, which «« of obiects^of the 

shape, but are two different colors. When arfwUhdLm at 

two colors are put into a container, and two of J , . individual 

a time, each withdrawal constitutes a working model of “ 

resulting from the union of two gametes, a sperm and an ovum, to form a 

zygote. ‘ 

Genes exist in pairs, one member of each coat"*^' 

When the members of the pair are identical, then ® a^npq in its cells, 

color, is produced in the individual having the pair of genes “J 

However, a gene may mutate (change its nature and ^ ^ individual in 

itself). When this has happened, the gene pair may exist i 

any one of three different combinations: 

A A (both members of the pair have the original form) 

a a (both members of the pair have the new or mutated form) 

A a (one member of the pair has the original and the other has the 
mutated form) 

If an individual carrying the A A combination has black 

vidual having the a a coii*ination might have «**f® ®®®‘ *?£ two 

carrying the A a combination might have gray (mixed) ^ 

gSes interacted with one another on an equal basis, or night black or 
wMte, if either the "A" gene or the "a" gene were strong enough in its 

expression to overcome its partner. 

In our model we will assume that if a withdrawal consists ^ 

one color (Color A), the individual resulting from ^"fo rt.^oL 

and reproduce. Therefore we will put the two objects ac ‘ . will 

Tt a withdrawal consists of f °f®' ie^^oducL 

assume that the resulting individual will die, or at least witi noc p 

A gene combination that produces death in interact ^ reoresenting the 

c Ailed a lethal, will permanently remove the two objects 

;alr of liJiSTgenes from ?he pool, and replace them f 

Other color. We will replace them because if the population of a ch^ging 

species keeps the same total number from generation to Seneration, t e p 

of the dying or non-reproducing individuals is normally ^ ^ 

number of descendants of the more successful gene combinations. 

In case a withdrawal consists of one object of ^ that^'the^^^'^* 

we will put them both back into the pool, because we will as 
iLhal gLe only operates when it is doubled (pure or homozy g o ^ ) , and is 
iot opelattve Xn it is paired with one of the opposite type (mixed or 
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hetcrozvKous). Such a gene, whose expression can be covered up by the opposite 
member of the pair, is said to be recessive . In this case, the normal gene 
is said to be dominant to the lethal one. 

In the case that we have outlined, either an A A (homozygous normal) combination, 
or an A a (heterozygous) combination, will survive and leave an adequate nutiber 
of descendants, but an a a (homozygous resessive lethal) combination v/ill be 
eliminated. We would expect, therefore, that natural selection would ultimately 
eliminate the lethal "a” genes from the gene pool, and consequently from the 
species. 



Equipment and Materials ; 

200 objects (beans, corn grains, buttons) of one color (Color A) 

100 objects of the same kind and size, of a second and easily 
distinguishable color (Color B) 

Paper or cloth bag or other container of appropriate size, and of such 
nature that the investigator can pass his hand inside it and with- 
draw objects from it without observing its contents. 

Graph paper 



Procedure ! 

Students should work in pairs, one member of the pair doing the manual opera- 
tions, and the other serving as recorder. They may trade jobs as often as 

they wish. 

1. Place 100 objects of Color A, and 100 of Color B in the container described^^ 
above. Place the remaining 100 of Color A in a second container (the "kitty" 

2. Shake the 200 objects (100 of each color) in the first container to make 
sure that they are well mixed. Do this at least one time for each 10 
withdrawals during the progress of the experience, 

3. Withdraw two objects at a time. If both are Color A, return them to the 
container. If one is Color A and one Color B, return them to the con- 
tainer. If both are Color B (representing a homozygous recessive lethal 
combination) put them in a third contaissr, and replace them in the first 
container with two objects of Color A taken from the "kitty". In this 
way the population of genes in the gene pool is maintained at a 
constant level. Why is this necessary from the standpoint of getting 
valid results from the working model? 

4. Continue to withdraw pairs of the objects until 100 pairs have been with- 
draw. In each case proceed as you did in the case of the first pair. 
Consider a group of 100 withdrawals as constituting a "generation". How 
many of the recessive genes (Color B) were eliminated in the first genera- 
tion? What percentage of the total number of recessive genes originally 
in the population did these constitute? 
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5. Continue to withdraw pairs in generations of 100, until three successive 
generations have been withdrawn which result in no further elimination of 
recessive pairs. At this point it can be asstmed that for practical pur- 
poses the recessive genes have been eliminated from the population, tdhy? 
Are the recessive genes all eliminated? Uhat percentage of the original 
total of Color B genes still remains in the pool? Will the recessive 
genes ever all be eliminated? Why or why not? 

6. Construct a graph showing the progressive elimination of the recessive 
genes in terms of percentage: 



Percentage of original 
number of recessive genes 



Number of generations 

Does the line on the graph constitute a gradient? Why? Are there 
• irregularities in it? Why? What do you think would be the result of 
carrying the experiment through additional generations? Why? 

7. Compare your results with those obtained by other pairs of students. 
Are there similarities? Are there differences? Why do you think each 
occurred? 



. Further Considerations : 

Think of the results of the experience in terms of what you know or can find 
out by reading concerning the human gene pool. Do you know of any human 
traits that are present in the human gene pool in very low percentages, and 
therefore show up in individuals only occasionally? Are any of these lethal 
or partially so? What happens to them in terms of natural selection? Does 
modern medical science interfere with the operation of natural selection? 
How? Why? What do you think of this? Why? 

Lethal genes may operate at different periods of life. They tend, however, 
to operate consistently at the same period of life for different members of 
the same family. What do you think about the probability of survival of a 
gene in the gene pool which Interacts with the environment to produce a 
fatal type of heart disease in members of a family in their sixties? Com- 
pare this with the probability of survival of a gene in the gene pool which 
interacts with the environment to produce a fatal disease in members of a 
family In childhood? What does time of expression of a lethal gene have to 
do with the probability of Its remaining in the gene pool? Why? 
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Can vou think of any human traits that are present In the human gene pool in 
vm Mgh P«centagL? Are these normal or abnormal traits? Can you thi^ 
of my traits that are present in percentages that are somewhere between high 
and low? Are these normal or abnormal traits? Would it be possible to con- 
struct a gradient of the percentages of genes in the the 8®“® 

traits? If you did so, where on the gradient do you think the abnormal 

traits would be located? Why? 

If a recessive mutation advantageous to a species were to occur in ® 
individual, do you think it would be possible for it to increase in the ge 
pool to k point where it would take over in the species and replace the 
dominant form, which was less advantageous? 

Has natural selection operated in the human gene pool in the past? 
it changed man? Is it operating now? If so, how is it operating? 
direction? In terms of what specific traits? Is this evolution? What is 

evolution? 



^Protective Coloration; A Mechanism for Survival 



Introduction ; 

One of the ways In which living organisms, particularly animals, survive 
in nature is to look like something else. A non-poisonous snake has a color 
pattern similar to that of a poisonous species. An Insect looks like a leaf 
or a twig. A small mammal has the same color as the soil. A small bird has 
the same color as the environment where it is active. A young deer is spotted 
in a way that matches the pattern of sunlight in the forest or forest edge 
shrubbery. Army field uniforms are colored to match the background. It is 
possible to survive by being inconspicuous, and protective coloration is one 
way of not being noticed. 

All of these things are facts that are widely known, easily told, and 
taken for granted. It is possible to set up a laboratory experience which 
will enable students to see for themselves and measure the effectiveness 
of protective coloration. The experience itself is sisple, although pre* 
paration for it takes time and effort. 



Materials and Equipment ; 

Poster paint (water soluble) in the following colors; 

Green 

Blue 

Brown 

^ite 

Yellow (a double quantity) 

White poster paper 
Paper punch 
Watch or stop watch 

Baby food jars, or other small containers of uniform size 

Quart Jars, or other larger containers of uniform size 

Pegs and string 

Yardstick or carpenters* tape 

Graph paper 

Accessibility to a freshly mowed lawn and/or a sandy beach 



*For technical advice with regard to colors, paints, and paper, the author is 
indebted to Labadie Arts and Grafts, Kalamazoo, Michigan. 



Procedure; 



Note; This laboratory experience can well be carried out by teams of four 
students. ' 

1. Mix yellow, green, and blue paints to produce a series of shades by 
dilution: (a) green toward blue, and (b) green toward yellow. You 
may thin the paints with water if necessary. Place each shade or 
color in a separate baby food jar or other small container. Keep 

a record of the dilutions used. 

2. Mix brown, yellow, and idiite paints to produce a series of shades by 

dilution: (a) yellow toward brown, and (b) yellow toward white. Thin 

if necessary. Place each shade in a separate small container. Keep 

a record of the dilutions used. 

3. Color one piece of poster paper uniformly with each of the shades you 
have produced. 

4. With the paper punch, punch out as many small circles as possible 
from each piece of colored poster paper. Place all of the circles 
of the same shade in a separate large container. 

5^ Measure off on a freshly mowed lawn and/or on a sandy beach, areas 
3 yards square. It will probably be necessary to carry on the lawn 
portion of the experience and then move some distance to the beach 
to carry on the rest of the experience there. Mark the areas in 
each case by pegging the corners and running strings attached to the 
pegs along the borders. 

6. With a team of four, one student can hold the watch, another can 
keep records, and the other two can carry on the experience. Later 
the jobs can be exchanged, and the first two students can carry on 
the experience. 

7. Scatter a large quantity of the circles colored with the various 
yellow-green-blue shades over one of the 3 -yard-square areas on the 
lawn for each student carrying on the experience. Scatter a large 
quantity of the circles colored with the various white -yellow-brown 
shades over one of the 3-yard-square areas on the beach for each 
student carrying on the experience. Be sure to scatter the circles 
colored with each shade uniformly over the area. Why? 

Note ; Using poster paper, which possesses some thickness, it should be 
possible to recover a fair percentage of the circles for re-use after each 
student completes the experience. Nevertheless, many of them will be lost, 
and a new supply will have to be prepared periodically. In renewing the 
supply, be sure to use the same paint dilutions to produce the different 
shades. Follow the record made when the dilutions were originally prepared. 
Prepare new plots for each student. Do not attenq>t to re-use the old ones. 

8. Give each student an opportunity to pick up as many circles as possible 
of whatever shade he can find, during a five -minute period. He should 
put these in a large, open. container, such as a quart jar, making no 
effort to separate, them as he finds them. 
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9. After the flve»mlnute period is finished, sort the circles which each 
student has found Into small containers, according to shade. 

10. Lay off one sheet of graph paper for each student in equal sections 
along the horizontal axis for each shade in the yellow-green-blue 
series, and another for the white -yellow-brown series. 

11. Record on the vertical axis the number of circles of each shade that 
the student was able to collect over the five -minute period. 

Is there a relationship between the number of circles collected and the 
color of the background environment? Check this visually by laying a com- 
plete series of each set of circles In a straight line on the appropriate 
background environment (grass or sand) and Inspecting them. Are the quan- 
titative results of the collection, and the visual results of the Inspection 
the same? Are they what you would expect them to be? Combine the quantita- 
tive results from the entire class for the grass and for the sand. To what 
extent do Individual differences appear among students In total number of 
circles collected? In relative numbers for each of the shades within a 
series? Can you account for any differences that appear? 

What relationship do you see between this experience and the survival in 
nature of a species preyed upon by enemies? To what extent do you think slupe 
was a factor? Can you think of a shape and/or size that might have worked 
more satisfactorily on the grass background? On the sand background? Why? 



Further Considerations ; 

Repeat the experience. Is there any Improvement through practice? Why? 

Can you find any actual exaiq>les of cases In which protective coloration 
has worked to change a species of animal In nature over a period of time? 

Can you find any examples of protective coloration among plants? Can you 
think of any examples of protective coloration In man or the things that he 
makes and uses, other than the army field uniforms already referred to? 

Can you explain how protective coloration furnishes an example of the 
Interaction of variation and selection In nature to produce directional 
change? How Important do you think protective-coloration Is In evolution? 



o 






*A Quantitative Study of Conmetitlon Between Species 



Introduction ; 

Cosnpetition, either within species or between species, is a factor in 
natural selection. Within a species, those individuals representing hereditary 
strains which are able to survive and reproduce to a greater extent than others, 
tend to replace the others, causing the gene pool to be modified in the direc- 
tion that they represent, to a point where ultimately the entire species 
becomes like them. This is the kind of competition that we ordinarily think 
of as taking place in connection with evolution. It is difficult, however, 

.0 demonstrate or measure it in a short-term laboratory experience. 

Competition between species is less important on a short-term basis as a 
factor in evolution, although it plays a very important part on a long-term 
basis in determining whether or not whole species survive or become extinct. 
This kind of coa^etition can be made the basis for a laboratory experience 
very easily, and the results can be stated quantitatively. 



Materials and Equipment ! 

3 wooden greenhouse flats (20" x 12" x 2%") 

Good garden soil of uniform quality sufficient to fill these flats^ Be 
sure that it is moist but not wet. 

Clear plastic (Saran wrap or equivalent) sufficient to cover the three 
flats 

Garden trowel 
Wooden dowel 
Paper towels 

Laboratory balance, preferably sensitive to 0.1 gram 
Tomato seeds 
Radish seeds 



Procedure; 



Note ; This laboratory experience will require a period of six to eight 
weeks . In carrying it out, the entire class may be divided into teams, or 
a single team of two or more students may carry it out and demonstrate it 



^Adapted from Biological Sciences Curriculum St udy; Green Version. High 
School Biology. Rand McNally and Company, 1963. 
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to the entire class.. When several teams do itf there is an advantege in that 
a comparison of results is possible. 

1. Pill the three flats with soil to within of the top. Firm the soil 
gently with your hands or with the back of the trowel. 

2. On the surface of each flat, draw longitudinal furrows with the wooden 
dowel 1/8" deep and 2" apart. 

3. In one flat, plant tomato seeds apart in each row. 

4. In the second flat, plant radish seeds %" apart in each row. 

5. In the third flat, plant tomato and radish seeds alternately apart 
in each row. 

6. Cover the seeds lightly with soil (partially fill the furrows) in all 
three flats. Firm the soil over the seeds gently with your hands* 
Sprinkly lightly with water. Be careful not to over-water or wash out 
the seeds. Cover with plastic and put in a warm place. As soon as 
the seeds have germinated, the flats should be placed in good light, 
and the plastic should be removed. 

7. Water lightly until the seedlings have reached a point of development 
where heavier sprinkling will not injure them. Do not allow them to 
becope dry. Water regularly, and be sure that all three flats are 
watered equally. Why? 

8. If the flats are in a location such as a window sill, where all of the 
light comes from one side, they should be turned daily. Why? 

9. At the end of 6-8 weeks, when the plants are fairly large, but before 
they begin to weaken and lose their uprightness, remove all of the 
plants, Including their roots; wash the soil off the roots carefully, 
blot up all the moisture from the roots that you can with paper towels, 
and weigh the plants in the following categories: 

a. All of the tomato plants grown in pure culture. 

b. All of. the tomato plants grown in mixed culture (x2) 

c. All of the radish plants grown in pure culture. 

d. All of the radish plants grown in mixed culture (x2) 

Why did you need to multiply by two in the case of the plants grown in 
mixed culture? 

Compare the total weight of the tomato plants from the pure culture with 
the total weight (x2) of the tomato plants from the mixed culture. Do the 
same with the radishes. Was there an advantage or a disadvantage from the 
standpoint of total weight attained in growing the tomato plants in pure 
culture? Was there an advantage -or~'a^djL8advantage from the standpoint of 
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total weight attained In growing the radish plants In pure culture? Did either 
the tomatoes or the radishes show an advantage at the expense of the other in 
the mixed culture? IHhlch one? How can you determine this? 

Agriculture, as developed by the American Indians before the coming of the 
Europeans, was a "mixed crop" agriculture, rather than a "pure stand" agri- 
culture of the type developed in the Old World, Maize (corn), beans of various 
types, and squashes or pumpkins were planted together in the same field. We 
^^earned to grow these crops from the Indians, but usually we plant them in 
pure stands . Which system do you think would be the more efficient? VJhy? 

What do we mean by competition? Try to think of situations where compe- 
tition occurs between species in nature, t-fliy do we try to eliminate weeds 
from our cultivated crops, gardens, and lawns? What is a "weed"? 



Further Considerations * 

borne t3q»es of plants, such as carrots and walnut trees, are said to pro- 
duce and release unto the soil substances which prevent certain other plants 
from growing near their roots. Do you think that anything of this kind might 
he taking place in the case of the radishes and tomatoes? 

How is this type of relationship related to the discovery of antibiotics 
produced by certain molds and bacteria? What is an antibiotic? What function 
U 4 *^”« **^°**^^^ serve in nature for the organisms that produce them? How is 

r^\*'**'*^*'^°*' function when used as medicines? How is all 

of this related to competition? To survival? 

When antibiotics are used as medicines, the organisms that cause the 
diseases that they are used to treat, sometimes respond by developing mutant 
strains that are resistant to the antibiotic. Do you think it possible that 
something like this may occur in nature? What would happen if it did? How 
is this related to evolution? 

In a free society, we have many people in the same business or profession 
K competing with one another (grocerymen, salesmen of office equipment, 

building contractors, physicians, lawyers). The system seems to work very 
well. In other professions (teachers, priests or ministers, scientific 
researchers) competition is regulated, reduced, or absent. This also seems 
to work very well. Why? Which system do you think works better? Would a 
society in which competition was eliminated as far as possible work better 
or less well? Why or why not? 

Would it be possible to eliminate all competition? Would any evolution 
occur, either in the natural world or in human society, if all competition 
were.eliminatcd? 









A Mental EacoerAence. Directional Change in the Hunan Specieg; The Lena Line 



Introduction ! 

There is an increasing accumulation of evidence idiich indicates that the human 
species may be around 2,000,000 years old. Recent discoveries of early human 
and near-human fossils in Olduvai Gorge in East Africa have been determined 
to be 1,750,000 years old by the potassium-argon method of chemical dating. 
Others from the same site lie in still deeper and older rock layers. Still 
more ancient finds of pre-human fossils, also from East Africa, go back 
25,000,000 to 30,000,000 years. 

Man belongs to a group of mammals called primates. These all have teeth that 
are somewhat like man's, hands and sometimes feet that are capable of grasping 
and holding objects, nails instead of claws, and brains that are proportionally 
larger than those of other mammals. Many of them show some tendency toward 
the upright posture, like man's. This group includes, along with man and 
various forms of fossil man and pre-man, the anthropoid apes (chimpanzees, 
gorillas, orangutans, gibbons), baboons, tailless Old World monkeys, tailed 
New World monkeys, and a couple of generally unfamiliar forms called lemurs 
and tarslers. 

All of these animals have many genes in common with man. One study of the 
extent of the common anatomical characteristics possessed by man and the 
anthropoids that are closest to him indicates that he shares:* 

385 characteristics with the gorilla 
369 with the chimpanzee 
354 with the orangutan 
117 with the gibbon 

Only 312 are exclusively man's own 



This would indicate that the gene pools of humans, gorillas, chimpanzees, 
orangutans and gibbons are the same or similar to the extent that character- 
istics are shared. How do you think that man would compare in terms of 
shared characteristics (and the genes that determine them) with a cat? A 
horse? A lizard? A fish? An insect? You can think of relationships with 
members of your own family in terms of shared characteristics (and genes). 
You can think of relationships between the gene pools of different species 
in this way, also. 

Ultimately the modern gene pools of man and the anthropoids were all derived 
from a single ancestral gene pool. The modern ones have diverged from the 
ancestral one through the operation of mutation and natural selection. It 
has taken 30,000,000 years and more to produce this divergence. The pos- 
sessor of the ancestral gene pool that lived 30,000,000 years ago was 
neither human nor anthropoid, although undoubtedly it showed many of the 
characteristics of both of its modern descendents. 

There are generally about three or four human generations per century in 
any family line. A boy born in 1964 has a father born in 1936, a paternal 



^Quoted from von Koenigswald, G. H. R«, The Evolution of Man, the University 
of Michigan Press, Ann. Arbor<-Mtchi^aa^'l962 . 






grandfather born in 1908, a great-grandfather born in 1877, a great -great- 
grandfather bora In 1839, a great -great-great -grandfather born in 1805, and 
a great -great -great -great -grandfather born in 1775. This means that there 
are about 35 generations per 1,000; year^ 350 per 10,000 years, 3500 per 

100.000 years, and 35,000 per 1,000,000 years. Thus, there have been about 

70.000 human generations since man became man around 2,000,000 years ago. 

Present-day races of man, along with all of their sub-races and mixtures, 
belong to a single, highly variable species. Homo sapiens . Representa- 
tives of an earlier species of man. Homo erectus . have been found in fossil 
form in various parts of the Old World. Recently L.S.B. I^eakey*, a British 
anthropologist, working in East Africa with the support of the National 
Geographic Society, has discovered what he believes to be the remains of 
a still earlier species of man. Homo habllis . in Olduvai Gorge. Represen- 
tatives of the group of primates which immediately preceded man, the 
Australopithecines , have been discovered in East and South Africa. These 
are from 1,000,000 to 3,000,000 years old. An earlier pre-human form, called 
Kenvanithecus . about 13,000,000 years old, also comes from East Africa. 

Other early relatives of man have been found in various parts of the Old 
World, but the line seems clearest in Africa. 

Many anthropologists believe that each species of man has developed directly 
out of the species which preceded it. It appears possible to trace a 
definite line of descent backward from modern Homo sapiens, through Homo 
erectus, probably through Homo habilis ( if Leakey *s interpretation of 
his most recent find is correct), to the Australopithecines, and beyond. 

While we cannot ride a time machine backward along our line of descent, we 
can travel along it in our minds, “seeing" the individuals in it with our 
Imagination, based on the best evidence that we have as to what they looked 
like. This is a laboratory experience which is almost entirely mental. In 
it we will attempt to follow the “long line." 



*You may wish to read the following readily available accounts of Leakey’s 
work: 

See the National Geoftraphlc Magazine ; 

Leakey, I.S.B., “Finding the World’s Earliest Man", Vol. 118 
(No. 3) pp. 420-435, September, 1960. 

“Exploring 1,750,000 Years into Man’s Past", Vol. 120 
(No. 4) pp. 554-589, October, 1961. 

Curtis, Garniss H., “A Clock for the Ages: Potassium-Argon", 

Vol. 120 (No. 4) pp. 590-592, October, 1961. 

Payne, Melvin M. , "Family in Search of Prehistoric Man", Vol. 127 
(No. 2) ^p. 194^i23LI, February, 1965. 
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Equipment : 

A little knowledge of man's past 

A keen curiosity 

An active imagination 

Procedure ; 

It is most interesting to do this with a fairly large group, such as a class 
of around 30 individuals. 

1. As a preparation for it you should try to find and examine carefully 
pictures of your parents when they were younger, your grandparents 
when they were about the same age, and, if possible, your great- 
grandparents and any still earlier ancestors. You should also examine 
pictures and restorations, showing how primitive man, earlier forms of 
man, and pre-human types are believed to have looked. Any familiarity 
which you have with man's past through a study of history will be 
helpful. 

2. Now, if you are a girl, think of yourself as being the latest of a 

continuous line of women: Your mother, her mother before her, and 

so on back, an unbroken line of females extending backward to the 
begianing, whatever and whenever that was. 

3. If you are a boy, think of yourself similarly as being the latest of 

a continuous line of males: your father, your paternal grandfather, 

his father before him, and so on back, an unbroken line of males 
extending backward to the beginning, whatever and whenever that was.. 

4. Think of the individuals in the line as all about the same age, 
about the age of your parents as you know them now or a little 
younger. 

5. Now detach yourself from the head of the line and walk backward, 
observing each person in the line closely as you do so. Remember 
that you are seeing about three of four generations in 100 years. 

By the time you have looked at 35 people you will have traversed 
1,000 years. By the time you have seen 70 you will be about at 
the beginning of the Christian Era in Roman times. With 100 gener- 
ations you will be- seeing your lih6 as it appeared at about the 
time of Kings David and Solomon in the Bible (about 900-1,000 B.C.). 

One hundred thirty-five generations will put you at about the time 
in the Bible when Abraham left the city of Ur of the Chaldees 
(around 2,000 B.C.). This city has been re-discovered and exca- 
vated by modern archeologists. It was already an old city when 
Abraham lived in it. 

Try to tie in other points in your line with periods of history 
that you know about or can look up. Your ancestors xuxy not have 
been living in the places where the things that you know about 
were happening^,, but- they^-'were JJjdjog'-sometdiere^at the same time. 



Hhat about the period of the Egyptian and Babylonian civilizations? 

Uhat about the tine of the building of the earliest cities? Of the 
domestication of plants and animals, and the invention of agricul- 

ture? 

6. As you travel back along the line, observe the general appearance of 
the people, degree of cleanliness, clothing, hair style, any orna* 
ments they weart tools that they have, aay utensils that t ey 
use. A visit to a museum may help with this. 

Remember that tools* utensils, clothing, devices of all kinds, 
even ornaments, evolve in much the same way that living organisms 
do, but do so much more rapidly. What kind of food do you suppose 
your ancestors ate? What kind of language do you suppose they 
spoke? Do you think you could have understood them? Does evolution 

work in these areas also? 

7. You will grow tired walking. At about the point where you now are, 
small motorized vehicles can be provided. You may ride one “ you 
wish. After all, seeing individuals at this point and beyond is 
less important than getting an idea of the changes that take place 
in the line over fairly long periods. 

8. Ride backward. What do you think you will be seeing in 10,000 
years? Remember that this is only 350 generations behiiw the 
point where you left your parents. In 100,000 years? This is 
3,500 generations. In 1,000,000 years (35,000 generations)? 

9. In going backward 1,000,000 years and more, you will pass progressively 

from Homo sapiens into Homo erectus . and from this into Homo habi\l| 
and finally into Australopithecine. Ultimately, maybe around 
generations from where you started, you will realize^^suddenly: wy 

these creatures aren't human ! When did this happen? 

At this point you may turn your vehicle around and retrace ^He 
latest portion of your route slowly. Do you think that yo« 
find an answer to your questicn? Do you think you will find a 
place where you can say: ’’This woman (or this man) is human, hut 

her mother (or his father) is not?" 

10. Science, generally, has not found sharp boundary lines in nature. 
Related classes of natural phenomena generally have been found 
to grade into one aacthar .'imperceptibly in the areas where they 
meet. Variation tends to be continuous, both within species and 
between related species. This is true both in our 

world and backward in time. Can you find examples of this kind 
of gradient other than the one that we have discovered in the 
case of man? Can you think of examples from everyday experience. 

Where would you draw a line between tall and short boys (or g r s). 
Between good students and poor students? Between hot and cold 
days? Think of other examples. Are there clear dividii^ lines 
between light -skinned and dark-skinned peoples in the Old World? 

To what extent is it different in the New World? Why? 
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Further Considerations ; 

What do you think, at this point, about the once widely-held idea that certain 
races of man are "higher" or "better" than others? Have you found any rein- 
forcement for the idea that "all men are brothers"? What do you think would 
be the extent of overlap between the genes possessed by individuals belonging 
to different present-day human races? How do you think this would compare 
with the extent of overlap between the genes possessed by individuals having 
the same parents? Consider these questions in the light of the comparison 
made earlier between the human gene pool and the gene pools of the gorilla, 
chimpanzee and orangutan. Do you find any basis for the popular notion that 
"evolution teaches that man came from a monkey"? 

What do you think you would find if you were to continue to follow your "long 
line"? 




J 



E»tenflions of Man*s Body; How They Have Evolved 



introduction s 

With his development of the upright posture man began an entirely new kind 
of evolution. Because his upright position left his hands free for grasp- 
ing, he began to use tools. He adjusted to his environment and attempted 
to solve the problems that it presented by evolving tools, rather than by 
changing his body form. This has constituted a kind of substitute evolu- 
tion, or evolution by proxy. 

Thus, Instead of changing himself into a highly specialized running ^imal 
like the horse, he invented and evolved machines to do his rapid traveling 
(locomotive, automobile, bicycle and motorcycle). Similarly, instead of 
evolving, like the seal or walrus, into a highly specialized swimming 
animal, he Invented and evolved various kinds of boats and ships to do most 
of his swimming. He evolved weapons Intead of specializing his teeth and 
claws for defending himself, fighting and killing prey. He evolved air- 
planes to do his flying, bulldozers to do his digglng^. and even complex 
machines to do some of his remembering, calculating and thinking. The 
movement toward automation is a development of our time. Self- repairing 
machines may well be a development of the future. 

We have evolved a bewildering variety C/f tools for dealing with the prob- 
lems presented by our environment. Here, of course, we are using the 
word ”tool” in a much broader sense than usual. A tool is anything which 
is useful in solving a problem . The evolution of man’s physical tools may 
well have begun when he first picked up a club or a stone to ward off an 
attack by another animal or an angry neighbor. He was using a tool to 
solve a problem presented by his living environment. This might well 
involve his survival. 

There are many other examples of tools used to solve environmental problems. 
If it is raining you wear a raincoat to solve a problem of environmental 
adjustment. Your ancestors did not eVolve a coating of coarse hair to 
shed the rain as some other animals did. They Invented clothing (including 
raincoats) Instead. You wish to get an idea across to another person. 
Getting it across consltltutes a problem. You use written or spoken language 
as a tool to deal with this problem, possibly devising new word combinations 
or even inventing new words to adapt the tool to the need. 

Social, political and economic systems are tools which we have evolved for 
dealing with problems of commodltice, media of exchange, distribution of 
goods, and standards of living. Money and commodltltes themselves are 
tools for meeting human needs. Ideas are tools for solving problems in 
human thiiaklng. These ideas affect our actions. 

The words that you have just read have been used in a. particular combination 
as tools for expressing the idea that man has extended his physical body and 
its capabilities in many ways to adjust to his environment. The bodies of 
ether animals have undergone structural changes in becoming specialized 
to deal with a particular kind of life. Later, ’•becanse of their • 
specialization, they have found themselves unable to live at all except in a 
special habitat: the sea, the freshwater of ponds and lakes, open plains, 

forests, the tropics, the arctic. 
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Man's body, on the other hand, has remained relatively unspeclallzed. 

By evolving and using tools, in the broad sense that we have used the 
word, he has been able to adjust even better to the same problems to which 
other animals have adjusted. He has also adjusted to many other problems. 
It is because oi this that man has become dominant over the whole earth, 
and soon, possibly, over other worlds also. 



Resources for the Problem 



No special equipment or materials are necessary for this laboratory 
experience. A number of different kinds of resources, however, will prove 
useful. These Include backflles of magazines, especially the National 
Geographic Magazine . Nearly any library will have some of these. Some- 
tlmes complete or nearly complete files, going back fifty years or so, have 
been kept. Old newspapers, books on history, any books which describe or 
picture the ways In which people lived, and the things that they used before 
our time, will be helpful. We are living In a period of rapid change, and 
it will surprise you hoW shortly before our time conditions differed greatly 
from the present. 

If a museum is avlllable near where you are. It will furnish an excellent 
resource for study. Antique shops are full of things that people formerly 
used: old furniture, old dishes, old utensils, old tools, sometimes old 
books. Many people collect these things. Your parents or your friends* 
parents may have some of them. Old snapshots and collections of family 
portraits are useful In some cases. Conversation with older people, 
your grandparents or others their age. Is a good resource. 

A part of your problem Is to locate appropriate material. It is necessary 
to learn how to look for it. This Is a good opportunity to loam about 
the community where you live, and the things and people In It. You should 
make the most of this opportunity. Any community has a great deal of material 
which will be useful for this study. A rural community is In some ways 
more advantageous than an urban community, and vice versa. The resources 
available In one are different from those In the other. No two communities, 
even of the same type, are alike In this respect. You will find your study 
very Interesting. 

Procedure : 

This study may be carried on in the form of Individual, out-of-class projects, 
or by field trips which may be arranged to suitable places. Probably, in 
most cases, a combination of these two approaches will prove best. It may 
be desirable for different students or groups to work on different aspects 
of the study, and then bring their results together for the benefit of the 
class. 



Evolution of the Automobile 

The automobile began In the 1890* s with a combination of some features 
taken from the bicycle and some from the carriage, together with a motor 
for propulsion. The motor was originally placed beneath the car, but was 
very quickly moved to the front, possibly because this was where the horse 
had been.. There have been various experiments with rear-end drives. 
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These have generally proven wore successful in Europe than America. The 
German Volkswagen is a notable example. Can you think of any others? 

The automobile has steadily evolved during the past two-thirds of a 
century toward a form that is uniquely its own, yet which still shows 
some evidence of its origin. 

The National Geogra phic Magazine began publication in 1889. It has carried 
advertisements which pictured automobiles since the early years of this 
century. These advertisements constitute an excellent source for tracing 
the evolution of the automobile. Study these or any other available 
source. What changes can you observe in the external appearance of the 
automobile? Can you identify any trends? When did they first appear? 

What kinds of cars were sold at the time of World War I that are no longer 
on, the market? Were the present kinds available then? What new ones have 
appeared? Were these really new or were they variant forms of older ones? 
How does the number of companies making cars compare with the number at 
the time of World War I? What has happened? Why? 

Of course the external appearance of cars tells little or nothing about 
internal changes. Talk with an older person who has driven cars for most 
of his life, and ask him to recall what some of these internal changes have 
boon. How about number of cylinders? What about gear shift? ^mat about 
method of starting the motor? Any others? What about accessories? Is 
It possible to discover any trends? Try to account for these chnnges in 
terms of the environment in which the automobile has operated in the past 
half century or longer (roads, growth of population, growth of cities, 
general improvement of standard of living). What about ever-all size of 
cars? Compare automobiles used in America and in Europe in this regard, 
and try to account for any differences that you find. What about cost of 
gasoline? Has the quality of gasoline improved? Have cars become more 
efficient in their use of gasoline? What about tires? What about driving 
speed? What about cost of cars? 

How has increased use of the automobile affected the geography of our 
cities? What about the future? What problems must we face in connection 
with Increased use of the automobile? See if you can find out what is 
the present thinking of the automobile manufacturers with regard to new 
developments in motor and body design. 

Try to account for the changes which have occurred in the evolution of the 
automobile in terms of natural selection. This is survival of that 
which works, and elimination of that which works less well. What are the 
selective factors that have operated in the evolution of the automobile? 



Evolution of the Airplane 



The airplane began through experimentation with man- lifting kites and 
studies of the flight of birds. The first airplanes were essentially man- 
lifting kites with motors for propulsion. How does an airplane stay in 
the air? What is Bernoulli’s Principle? Can you think of any common 
examples of its operation that you have observed? 



with the attainment ot greater speeds, the al|^lane 

the direction of becoming a proiectlle, manned or , 

Aw-idiani- An itfl extomal appearaJttce? What hava changes in the kinds ox 
«iorf uied Jor pio^JslS had to do with this? What kinds of motors are 
“nva^JablXr pUulslon? The intercontinental ballistics mi^le and 
X Sl^lopment of space ships constitute the 

development. What means oi propulsion and structural ^ ^ „ 

for use outside the earth’s atmosphere in interplanetary space? Why? 

Pollowina the same general lines of investigation as have been indicated 
for the solution of the automobile, study the evolution of the , 

lot^lLs will give you less help. On the other hand, more material 

on present wd possible future developments will be materUl“in 

•nd recent newspapers and magazines. Also you will find more materia 
^kra^S irteKksr Again talk with older people who remember some of 

the stages in the evolution of the airplane. 

Ho. have airports evolved along with airplanes? What about 

rf’ecfha^ S^mimary use of aircraft had on the evolution <>* «»e alrplwe? 

the ILroase in air travel by civilians? How “as this rffected the 

entei«d Into this picture? What have been the selective factors toat s“tored 

into the evolution of the airplane? *hey been f 

have operated in the case of the automobile? If so, why? If not, y 



Evolution of Language 

New words are constantly appearing. Sometimes they survive, “ut more of tec 
they do not. In some cases, however, whole new vocabularies rep ace 
Tan-s Utlvltles change, and the things that he does 
new words become necessary, and old words become obsolete. This happeneu w e 
the luJoLblle, truck and tractor replaced horses and horsedrawn eq^pment. 

The very words "truck" and "tractor" themselves were new or 

]^»nlnws A "truck" formerly meant a small handpushed carrier for luggage. 

to?d "tractor" is entirely new. What Is the derivation of the word 
"automobile?'’ A generation ago radio, and more recently 

new words Into the language. Language evolution is, aitua- 

naonle's need for expression in situations of actual living. When the situs 

ttoM and relationships change, language changes with thei^ At ®°“® ^ 

»d in some places, the change Is rapid. At other times and “t**™ ^“®® 
occurs slowly or not at all. It is In this way, however, that the langu^es 
that we htve in the world today have developed and differentiated from oM 
“fth". tothroSXLts estlLte that it takes about f .0°2«Ite 
languages which have a common ancestor to become completely separate. 

There are books on the development of language differences which "® 

Sl^l and interesting. Look for some of these in 1°®®" 

OcLsional articles in newspapers can be found dealing with these t^ics. 
?oSrbest resource, however, at least to begin your study, ^n 

exnerience Observe differences in speech among people from ^ 

o/the country, between rural people and city people, betareen older p^ple 
„d yLnX ^iple. What differences can you discover? What 
Sat di^leotrcm you detect? Dialects differ in different sections of the 
s^eu^s’^^en in different cities. Sometime, such difference. c». 

be detected on television, watch for them. 
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T»lk to your parents and other older people and with their help try to 
Identify words like "radio", "television", "nylon", paperback that 
have come into existence in recent memory. You can easily compile long lists 
of these. Some you will be able to think of from your own experience. 

Others, like "refrigerator" are more than a generation old. Try to find 
out what brought them into existence. Some are manufactured words (like 
"rayon", "penicillin"); some are even commercial brand names (like scotch- 
tape," "kleenex", "band-aid") that have come to mean a kind of product, 
rather than simply the brand of that product made by a particular 
facturer. Other manufacturers of the same product may not like this, what 
effect do you think it might have on sales? 



Identify slang words and terms current among your friends. These change 
rapidly, often in a single year. Few of them survive. Ask your parents 
about slang terms that were current when they were young. Have any of 
these survived? Do your parents still use any of them? Do you? Have 
your parents or teachers taken up the use of any of your slang terms? To 
a large extent slang belongs to the language of young people. 



When the same language is spoken in widely separated countries, it may 
evolve differently, using different words for the same new development 
when it arises. In England and the United States this has happened. 

What words are used in England that correspond to our radio , truck, 
"gasoline", "hood" (of a car), "trailer", "elevator’? Can you find others 

that differ? 



See if you can find a list of words pertaining to horses and horse-drawn 
vehicles, which formerly were in general use, but now are limited to hobby 
groups and others who still use horses. How might you go about investi- 
gating this? 



Evolution of Clothing 



The evolution of clothing has shown long-time trends related to availability 
of materials and the activities in which people engage. Thus, the intro- 
duction of cotton into the Mediterranean world in ancient times, and the 
availability of silk following the development of trade with the Far East 
at the close of medieval times, made possible changes in certain types of 
clothing. The development of various kinds of synthetic fabrics in our own 
time has produced even wider effects. 

The replacement of natural dyes by synthetic ones, which followed 
discovery of the first analine dye by the English chemist Perkin in 1858 
has resulted in the use of a far greater variety of colors and shades, and 
the availability of brighter and more permanent colors. How is this compar- 
able to what is happening now in the case of fabrics? Can you think of other 

similar examples? 

On© field of cultural evolution reacts upon another. There are complex 
interrelationships among different aspects of people's adjustment to the 
problems of their environment. In ancient times in the Mediterranean lands* 
workers went naked or nearly so, while women and non-working classes of 
men wore long, flowing costumes. With the spread of Christaanity and 
acceptance of its concepts of modesty, working people cam© to wear clothing, 
more or less close-fitting, as befitted their active life. Women and 
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non-worker* continued to wear clothing of long, flowing type, What 
happened In Polynesia with regard to clothing when missionaries Introduced 
Christianity? What about clothing among primitive tribes at the present 
time? To what extent do men and women all over the civilized world wear 
the same kinds of clothing now? Why? How does this compare with con- 
ditions fifty year* ago? Why? 

In western countries, during medieval times, men of the working classes came 
generally to wear trousers, but the men of the non-working classes, prior 
to the political revolutions of the late 1700* s, wore knee breeches with 
elaborate coats, collars, stockings and shoes. Following the French and 
American Revolutions, the long trousers of the working classes were adopted 
by all men. Why do you think this happened? Study pictures in books on 
the history of Europe and America, 'and see if you can determine Just when 
this change occurred. 

Women continued to wear long, flowing clothing generally until World War I, 
What changes took place in women's clothing in the decade following World 
War I? Why do you think these changes occurred? When did the custom of 
women wearing slacks develop? Why? 

What has happened to the heavy winter underwear that both men and women 
used to wear? Why? What has happened in the case of outdoor clothing for 
winter? Why? How have bathing costumes for both men end women evolved 
during the past seventy-five years? Why? 

Study clothing evolution during the past hundred years. What specific 
changes have occurred in women's clothing? In men's? Which has shown the 
more rapid changes? Why do you think this is so? Long-term evolution 
should not be confused with fashion change, but the same trend may reappear 
in succeeding fashion cycles. What influence do you think fashion has? 
Temporary? Permanent? Do you think that long dresses for women for day- 
time wear will ever come back? For an extended period of time? Why? 

You will find family portraits and other pictures of people long ago the 
best available source for a study of clothing evolution. Beginning about 
the time of World War I, with the invention of the small, portable camera 
the making of snapshots'* became common. What about the word "kodak**? 
Examine snapshot collections in your own family and those of your friends. 
These may include as many as three generations. Pictures of people in 
advertisements in old magazines are a good source if they are available. 

Talk to your parents, grandparents and other older people. Most museums 
contain old costumes. Note the colors of these as well as the costumes 
themselves. How are they different? Is this due entirely to their age? 
















Further Invegtigationi ; 

In any kind of ©volution there is the phenomenon of old, primitive or 
ancestral types persisting in out-of-the-way places which are marginal or 
Isolated. In these places the environmental conditions have not changed, 
competition is not great, and the stream of development has passed them by. 
Students of biological evolution call these primitive types archaic , 
and the places in which they survive "relict” areas. Such places are found 
in deep lakes of ancient origin, mountainous areas, the depths of tropical 
swamp forests, desert areas, Islands in the sea, the extreme edges of 
continents, and isolated peninsulas off larger land masses. The archaic 
species of plants and animals found in such places are the living fossils 
of popular Journalism, What are some examples? 

In the area of proxy evolution such "living fossils* can be discovered in 
any of the classes of tools that man uses. They are found in any conser- 
vatlve situation where, for one reason or another, the stream of living has 
passe^l them by. The necessity for change to meet new situations and 
problems has not been sufficient to cause them to be abandoned. They are 
more likely to survive in rural areas than in cities, in hilly or mountainous 
areas than in plains areas, and in poor soil areas than in good soil areas. 

"Language islands" and conservative religious groups preserve antiquated 
forms of dress, language and other cultural devices. Ceremonies and 
traditional festivals, such as are carried on in some European communities 
and Indian tribes, fall into the category of relict areas which preserve 
antiquated forms, especially of dross. Can you think of any others? What 
about weddings? Can you think of any cases where these antiquated customes 
have been artlflcally perpetuated or revived as tourist attractions 
Kerosene lamps and horse- and- buggy transportation have been retained 
longest in hilly or mountainous, poor-soil areas. Older people are the 
ones most likely to cling to "old-fashioned things and forms of speech 
and dress. Why? Horse-drawn farm implements have survived similarly. 

Old models of automobiles in everyday use disappear last in poor, rural, 
hill districts. 

If a museum is available, look in it for old methods of lighting, old forms 
of transportation, old farm implements, old types of dishes, glass-ware, 
furniture, hand tools, and other old things. The Henry Ford Museum 
and Greenfield Village at DearbOtn, Michigan, have an excellent collection 
of thlse things. The Museum of Science and Industry in Chicago has son© 
of them. Almost any historical museum will have at least a few of them. 

Antique shops are filled with some kinds of old things. Ask your parents 
if they know of people who have private collections of some of them. 

Try to find and study some of these things. Can you identify any trends 
in their evolution? What kinds of forces and influences do you think 
shaped their development? See if you can discover or figure out answers 
to some of these questions. 

The isolated, mountainous, poor-soil districts of the South preserve many of 
the language forms of Middle English. This is the English language of the 
time of Queen Elizabeth I, the King James version of the Bible, and 
Shakespeare. Many of the medieval ballads which have long since disappeared 
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In England have been found in the southern mountains, which began to be 
settled when Middle English was still being spoken, and the ballads wore 
still being sung in the home country. Have you ever heard any of these 
songs? Listen to some of them in a record collection. If you know 
any people who come from these areas, listen for differences in their 
speech. What are some of the differences? 

Ancient .language forms also persist in the rituals of churches. Since 
religions tend to bo conservative, these are comparable to the survival of 
other archaic forms. Such church languages are called ecclesiastical 
languages. The use of Latin as an ecclesiastical language in the Roman 
Catholic church is well known. Nearly all religions show some phenomena 
of this kind. What other specific examples can you discover? 

Religions may also preserve old clothing types. The clothing worn by 
Roman Catholic monks and nuns falls in this category. What other examples 
can you think of? Generally both language forms and clothing forms tend to 
preserve the types that were in use at the time the religion was founded or 
the particular custom originated. What about Salvation Army uniforms? 

To what military uniforms are they related? Why? 

How is the evolution of man's machines, language, clothing, other cultural 
forms and ideas— tools in the broad sense for dealing with problems posed 
by his environment— comparable to the evolution of plants and animals during 
the earth's long history? In what ways is it similar? Is what ways 
different? What examples of this kind of evolution can you think, of other 
than the ones suggested here? To what extent are all forms of evolution 
related? 




B. Scientists think in terms of relationships rather than absolutes : 
1; Idea of measurement as an expression of relationship 

2. Idea of templates or transference of pattern 

3. Idea of interdependence and Interrelationship 

4. Idea of the necessary interaction of heredity and 
environment 

5. Idea of differential rates of processes in development 

6. Idea of tools, machines, and outside sources of energy as 
extensions of man's body and its capabilities 



Idea of Measurement as an Expression of 



Relationship 

1. Idea*Brldge: "Thinking About Measurement as an Expression of 

Relationship" 

2. Laboratory Experiences: 

*a. "a Study in Measurement" 

*b. 'Measurement as an Expression of Relationship: A Simple 

Balance" 

*c, 'Measurement of a Relationship: Depth in Relation to 

Pressure" 

*d. "Volume, Weight, Pressure, and Physical State" 



^Included in Bulletin No. 313, NDEA Title III, Open-Ended Laboratory 
Centered Science for Grades 7-8-9 . Michigan Department of Public 
instruction, Lansing, Michigan, 1965. 
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Thinking About Measurement as an Expression 
of Relationship 



How do you oeasuro anything? You do it by comparing the thing you want 
to measure to something else. Let's take the measurement of time as an 
exanqftle. 

"That all took place within the lifetime of a single individual." You 
are comparing the time it took for something to occur to the length of the 
htanan life cycle. Many common time measurements are based on the length of 
cycles of one sort or another. Time is a steady flow, without beginning 
and without end, so far as we are concerned. So we break up time spans that 
are significant to us into convenient and easily understandable units. 



The American Indians and many other primitive peoples measured time in 
"moons", or lunar cycles, based on the easily observable phases of the moon. 
Our word "month" comes from this. A lunar cycle is 28 days long, from the 
new moon until the dark of the moon. The old Hebrews in the early Biblical 
period did the same thing. Their year was a lunar month. There are 13 
lunar months (28 days each) in a year. In the early chapters of the Book 
of Genesis men were said to live for hundreds of years. Methuselah lived 
to be 965 years old. Try dividing this and the ages given for others of 
the ancient patriarchs by 13. 

Our day is a cycle, the time it takes for the earth to make a complete 
turn on its axis. Our year is an annual cycle, the cycle of the seasons, 
the time it takes for the earth to make one complete circuit of the sun. 

^e day, year, and 28-day month are natural divisions of time. The minute, 
hour, week, and 28 to 31 day month axe man-made divisions of time. 

What other ways do we have for measuring time? A clock is a mechanical 
device for measuring time in terms of cycles and divisions of cycles (hours, 
minutes, seconds). We also use multiples of cycles (weeks, centuries, 
millennia) . 

We measure other things similarly by comparing them with something else. 
Thus we measure the length, breadth, thickness and weight of material 
objects; we measure voltime; we measure land areas and distances; we measure 
temperature, pressure, light, color, sound, wind movement, and a great many 
other things. We say that we quantify data; we deal with quantities. To 
do this we have to make measurements. All of science depends on measure- 
ment. Galileo said, "Science attempts to measure all things, and to reduce 
all things to measure." 

All kinds of odd things have been used in making measurements: the 

length of a king's foot, the width of a hand, the weight of a stone, the 
length of a man's step, a fraction of the distance from the earth's equator 
to the north pole, the distance that light can travel in a year, the density 
of water, the length of the light waves produced by the atoms of a particular 
element when heated to a standard temperature, the time that it takes for 
half of the mass of a radioactive chemical element to decc”'. 
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Ab man has increased his knowledge and become more sophisticated, the 
kind of things that he has needed to measure have become more varied and 
complex, and the units of measurement idiich he has devised to quantify them 
have likewise become more sophisticated, varied, and complex. Primitive 
man had no need for dealing with light-years or the half-lives of radio- 
active elements. He had no need for measuring electric current, or light, 
or even temperature. He did not know that radioactive elements existed. 

A light was bright or dim. A day was hot or pleasant or cold. And when 
things did need measuring, such as land areas, or weights of grain, or 
volumes of wine, units such as the length of the king's foot, or the length 
of a step, or the weight of a certain size of stone, or the amount of 
liquid that would fill a pig's skin served well enough. 

Increased need and wider use brought the necessity of standardization, 
and finally a simple system with standard relationships between units of 
different types (the metric system) was developed and has gradually been 
replacing the old units. 

The idea of measurement, however, has not changed. It is still a matter 
of comparing the thing to be measured with something else. 
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A Study in Measureaient 



Intro ducti ont 

4 

Most people think of units of measurement as being definite and important in 
themselves. Actually measurement is relative. Gomething is compared to 
something else. Furthermore the importance of units of measurement of 
different sizes is relative to the size of the thing being measured or to 
the size and importance of the problem. 

Materials and iiquipment : 

Rule marked in metric units 
Foot rule 

50>foot or 100-foot carpenter *s tape 
Compound microscope and micrometer ocular 

Infusion culture containing paramecia or other relatively large 
ciliate protozoa. 

Procedure ; 

Using appropriate measuring equipment, measure the following dimensions of: 

A piece of typing paper (length and width) 

A dime (diameter) 

Your body (height) 

Your classroom (length and width) 

Your school ground (length and width) 

A Paramecium or other large ciliate protozoan (length) 

Note: It may be necessary for you to learn to use the microscope in order 

to do this. Do not attempt it without receiving specific instructions from 
your teacher. 

In measuring the sheet of typing paper, use both the metric rule and the 
foot rule. Work out a method of converting inches to millimeters and 
centimeters. Expand this so that you can convert feet to meters^ Work 
this out rather than "looking it up" in a book» What is a micron? 

Now convert all of your measurements (1) to millimeters, (2) to microns. 

How accurate do you think these figures are for the dime? The sheet of 
typing paper? Your height? The classroom? The school ground? On what 
did you base your decisions? How accurate is it necessary for the figures 
to be? Why? Is there a relationship beimreen the necessary degree of 
accuracy and the use of measurement units of a progressively increasing 
order of size? 

Further Ideas ; 

How important is it that you know about the 50 cents if (a) you have only 
$1.50 when you are ordering dinner at a restaurant? (b) If you have $51.50 
in your checking account at the bank when you wish to buy an article of 
clothing? (c) If you have $5,151.50 in your savings account when you 
wish to make a down payment on a house? (d) If a proposed large expen- 
diture by the company for which you work is $55,151.50? (e) If an inter- 

continental ballistics missile costs $5,151,151,151.50? Why? 



Me»<ttr»Bent Ai An acpreaflion of Relatlonahip ! 

A SlaplB Balance 



Int roduction : 

We are so accustomed to using units of aeasureoent: inches, feet, yards, 

pounds, quarts, gillons, or mllliaetera, centlBoters, neters, grams, 
kilograms and liters, that we tend to think of these units as things that 
have an existence of their own. They are a part of our thinking,* Just as 
words for physical objects are. Ve also tend to think of them as ''tools'*, 
as a means to the end of quantitative expression. They certainly fulfil 
this function, but they are actually more than this. They are expressions 
of relationship between two quantises, one of which is stated in stand- 
ardized terms. This is the idea of measurement which underlies the making 
and use of measurements . 

Actually units of measurement are man-made, with an arbitrarily set value. 

A foot was the length of the foot of an English king. A yard - was the length 
of the arm of another king. The British and American gallons are not the 
sane. The height of horses was formerly measured in units called *hands . 

An old English unit of weight was called a "stone." 

The metric system was worked out logically at the time of the French 
Revolution. The meter was set as one ten-millionth part of the distance 
from the equator to the north pole of the earth.* All other quantitative 
measurements were based on it, worked out in multipleo of ten. The only 
reason that we use "tens", however, is that we have ten fingers. The 
ancient Babylonians used "twelves", and the Mayas "twenties" (ten fingers 
and ten toes.) Modem electronic calculators use a numbering system based 
on "twos", since only two alternatives are possible in any particular case« 

It is possible to set up a system of measurement of your own. To do so will 
help you to think of measurement as a standardized but artificially- 
based expression of a set of relationships. When you have done this you 
can translate your system into standard units. 

Materials and Equipment t 

Yardstick (new, clean, and as free of knots or grain as possible) 

Triangular file 

Frozen fmit Juice cans, with topa removed 

Soft wire 

BB shot 

Pennies 

String 

Set of gram weights 

Support for suspension of balance 



*Because of difficulties in getting an accurate measurement of this 
geographic distance, the metric system is now based by international 
(igTC-Hent on the length of the waves of light produced by a particular 
type of atom of the gas krypton, when those atoms are bested. 
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Procedure: 



1 Using the file, make a notch across the top of the yardstick at 
its exact midpoint. The notch should be deep enpugh to hold the »tring. 
Using a piece of string about six inches long, tie it around the stick with 
the knot lying in the notch, leaving the two ends of oven length. We the 
ends of the string together, and hang the stick from the support. Dt>es it 
balance, or is one end higher than the other? 



2. With the file, make shallow notches across the top of the stick 
at each quarter-inch mark, from the midpoint to the end of each side. Be 
careful to mailce the notches straight across the top of the stick, as uniform 
in depth as possible, and each one exactly on the quarter-inch mark. 

Suspend the stick again. Is it as well balanced as before? If it Isn t, 
what do you think has happened? 



3. Punch a small hole on each side of two fruit Juice cans. Just 
beneath the rim at the top of the can. Cut two pieces of wire of equal 
length. Pass a piece of wire through the holes in each can. Tie the ends 
together in such a way that the can may be suiH>ended from the stick, and 
moved along firom one notch to another. 



4, Suspend the cans from the last notch at each end of the stick. 

Do they balance? Reverse them. Do they work as well, regardless of the 
end from which they are suspended? Either the stick or the cans or both 
may not be completely balanced. Select one can for the right side and one 
for the left side, and mark them, so that you can use them this way from this 
point on. Add BBs to the can on the side that hangs highest, to bring it 
into balance. Write down the ntmber of BBs used, and leave them in the Can. 
They constitute the necessary correction factor at this point. 



5. Add 50 BBS to each can. Are they still in balance? Is the 
correction factor still valid? If not, can you suggest a reason why? Test 
your hypothesis, if you can think of a way of doing so. In any case, adjust 
your correction factor, if necessary , by adding or subtracting one or more 
BBS, and proceed. Be sure to keep a record of what you have done. 

6. Move both of the cans containing the BBs toward the center, one 
quarter-inch at a time. Bring them as close together as you are able without 
the cans touching. Are additional corrections necessary as you proceed? 

Add or subtract BBs as necessary, keeping a record of the number of BBs 
and the points where any changes are made. If adjustments are necessary, 
can you suggest a reason why? Test your hypothesis if you can devise a 

way of doing so. 

7. Remove all BBs from the cans, and balance the cans at a point 
three inches (12 quarter inches) from the mid-point. Add BBs to serve as 
a correct ion factor do the extent necessary. Is the correction factor at 
this point, using the empty cans, what you would have predicted it to be? 

If not, can you suggest a reason why? Test your hypothesis if you can. 

In any case, proceed, using the necessary correction factor. 

8. Place a penny in the left-hand can. Add BBs, to the rig^t-hand 
can to balance the penny. How many BBs does it require? Add a second penny 
on the left-hand side, and move the ri^t-hand can out from the center one 
quarter-inch. Add BBs as necessary to achieve a balance. Record the data. 
Continue to add pennies one at a time, moving the right hand can out from 
the center one quarter-inch with the addition of each penny, and adding BBs 
each time as necessary to achieve a balance. Continue to record the data. 



9. You are now weighing the p-*nnie«, ueing ’’quarter-inches*' and 
"fractions of quarter- inches" as weight units. The fractions are expressed 
in terms of BBs. Thus a penny may weight "one quarter-inch and two BBs. 

Is the weight of each additional penny the same, as you move from near the 
center toward the right end of the stick? If there are differences, are 
they consistent as you move along? Is there a trend? Detersilne the average. 
Try to account for what you find. Test your hypothesis if you can think 
of a way to do so. Try beginning farther from the center. Do the ages 
and relative wear of the pennies make any difference? Think of other ideas 
to test. 



If. Now determine the value of a "quarter- inch" in terms of OTs. 

Start with empty cars at the twelfth notch (three inches) from the center 
on each side. Balance the cans again, uSing whatever correction factor is 
necessary. Put 50 BBs in each can to start. Move the right-hand can out 
one quarter-inch at a time, and add BBs to the left-hand can as necessary to 
maintain a balance. Record the number of BBs added to balance each additional 
quarter-inch the right-hand can is moved. Is the number the same each time? 

Is there a trend? Determine the average. Are your results consistent with 
those that you obtained with the pennies? If not, suggest a possible 
explanation. Test your hypothesis if you can devise a way of doing so. 

It might be a good idea at this point to replicate the entire experience, 
using new materials throughout, to see if the results are the same or 
comparable. 

Further Considerations ; 

Both equal arm and unequal arm balances can be used to weig^ quantities. 
Ordinary laboratory balances are equal arm balances. Unequal arm balances 
were formerly in use on farms and elsewhere for weiring sacks of grain 
and other quantities. They were called "steelyards." 

What would you say as to the margin of error in your balance. Work out 
the qquivalence of the quarter-inch unit on your balance in grams. Number 
the notches on each end of the stick. Start with the first notch at each 
side of the center notch as "iV, and number toward each end. Weigh various 
objects with your balance. Check the accuracy of the figures obtained by 
weighing the same objects on a laboratory balance. Explain the operation 
of your balance in terms of a lever. 

How does a spring type scale work? Which do you think would be more likely 
to develop inaccuracies, a spring type scale or a balance type? Why? 

What are the relationships between weight, mass and density? What is meant 
by specific gravity? What standard is used for expressing it? .How is it 
possible to calculate the weight of the earth? On what basis is the state- 
ment made that the moon has a lower density than the earth? What determines 
the force of gravity? Why would a man weigh less on the moon*s surface than 
on the earth? What abbutu Mars? 






♦MeagurwwPt of > Relatlonihl^s Depth i tt Relation to Praaauro 



Introductions 

Tho phvaical factors of tho onvironmont which affect our lives and those 
of other living organisms are related to one another. In some cases this 
relationship is difficult to demonstrate or measure because to do so 
requires a broad understanding of tho environment and how it works. In 
others the relationship is direct and easy to study. 

A few pieces of equipment will enable you to arrive at some general 
hypotheses concerning the relationship of depth beneath the surface of 
liquids, and pressure on submerged objects. The relationship can be 
expressed easily in terms of measurement. 

Materials and Equipment ; 

A glass funnel with diameter small enough to pass through the opening of 

a quart milk bottle. . . 

Plastic or hubber tubing (to fit standard glass laboratory tubing snugly) 

Rubber ballons ^ 

G1 ass tubing . 

Waterproof tape (the kind that can be used to repair garden hose) 

Pegboard, masonite or scrap lumber to use for supports 

Tall, leak-proof waste basket 

Quart milk bottle ^ 

Bunsen burner or other heat aowree for bqAdihf glass tubing 

Materials for making measuring scale# 

Rubbing alcohol 
Table salt 
Food coloring 
Graph paper 

Proce dure ; 

This experience will require two or more 
laboratory periods. Work in groups of convenient 

size. 

Although the accompanying diagram is provided 
as a general guide, the preparation and 
assembling of the equipment is your problem, 

There are alternative ways in which it might be 
done, possibly even better ways. If you wish 
to try another way, feel free to do so. 

in any case, the glass tubing must be heated, 
bent to form a U-tube with one arm longer 
than the other, and mounted on a support. 

Ask your teacher to show you how to bend 
glass. The funnel may also be supported, 
but must remain movable. The thin, 
rubber m^brane from the ballon must he 
fastened tightly across the opening of the 
funnel. The rubber of plastic tubing mpst 
be affixed to the glass tubing so that it is 
air tight. 







J 





♦In collaboration with Mr, William Kumbier, Bryant Junior High Sc^l, Livonia 
Michigan, and Mr. David T. Smith, Coordinator of Science, Tucson Public 
Schools, Tucson, Arizona. 
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A meaxiM of measurement muet be devieed. Work out your own system of 
■eMurenent. Oovlse a scale which does net use standard units, such as 
inches or centineters, by the use of which you can calcuUte ^'•^•tion- 
ships between depth of the funnel opening beneath the surface and height 
of the colunn #f colored water in the IJ-tube. 

Pour water containing food coloring into the 0-tube until it stands about 
3 inches hi|^ in each am. 

Lower the funnel mouth in stages into the water in the wastebasket. As 
gQQg deeper beneath the surface there should be a noticeable change 
in tho po.ltion of th. liquid In th. U-tub.. Wh.t hnppon.? I. 
ral.tlon.hlp batwMn depth of the funnel nouth uid level of the color«l 

water in the U-tube? Why? 

Repeat the experience and ake careful neasureoents. RMord these data for 
at least 10 depths. Is there evidence that there is an increase in pressure 
with increasing depth? Is this relationship constant? Graph your data: 



Pressure 



Depth 

Repeat the experience, make the measurements, and construct another graph, 
using the milk bottle in place of the wastebasket. 

When you have carried out this experience with both the wastebasket and 
the milk bottle, see if there is a relationship between the two sets of 
data. What conclusion can you draw? 

Repeat the experience with the milk bottle, using a saturated solution of 
table salt instead of water. Compare your results with those obtained with 
water. What is the relationship? What conclusion can you draw? 

Mpeat the experience with the milk bottle, using rubbing alcohol instead of 
water. Compare your results with those obtained with water. With the sa t 
solution. What are the relationships? What conclusion can you draw? 

Further Consideration : 

How are we Justified in saying thSt measurements are only a quantitative 
statement of relationships? 

What animals are equipped by nature for dealing with the environment 
beneath the surface of the water? What happens to a large whale when it 
runs adrift on a shore? What happens to a deep sea fish when it is brought 

to the surface? Why? 

What happens when a skin diver goes beneath the surface of a pool, la^, 
river or the ocean? This is not a natural environment for a human. What 
equipment does he use for dealing with it? What are the hazards? Why do 

they exist? 
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»..« h«>i>.D* to • dMP dlvor whw to co«» to th* .urfto^ tpilckly? 
!?* * • autairiBa? With what d»vic«» 1» it oqulp^ ior 

j-^in!^,ith the onviromMUt? How n»y thw tovicwa o* * ^ 
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♦Yoluiie, Weight, Preimrai, and Phyiical State 



Introduction ; 

Many aeroaol davlcea are on the narleet: inaecticides, doasert toppings, deodor- 

izera, shaving creams and others* In all ol them, a liquid and a gas are mlx^ 
and held under pressure. Ujpon release of pressure, the gas escapes, carrying 
the liquid with it in the form of mist of do am. Shaking may be necessary to 
achieve maximum mixture, prior to releasing the gas* In aerosol instant shaving 
cream, a liquid soap is mixed with a gas under pressure* 

In this laboratory experience j'ou will see that a quantity of material does 
not always remain the same size or volume* When the conditions under which 
it exists change, it undergoes resultant changes* You will see that some 
measurements are relative, being dep^sdent on the physical condition of the 
materials being measured* Science is dynamic, and measurement is a concept 
for dealing with dynamic relationships as well as static ones. 

’’Margin of error” is related to the accuracy with which you are able to 
measure, in this experience you will see the Importance of checking results 
and replicating procedures* The reliability of science depends on the 
repeatability of scientific experiences, within the range of a reasonable 
margin of error* 

Materials and Equipment ; 

Can of instant shaving cream 

Wide mouth canning Jars of the same kind and size, with tops 

Graduate cylinder 

Laboratory balance 

Means for removing top from can 

Procedure ; 

Students should work in pairs or small groups* 

A* First laboratory period 

1. Weigh the can of unopened instant shaving cream* 

2* Weigh the empty Jars with their tops* 

3* Spray the contents of the can into the Jars, filling as many as 
necessary* As you fill a Jar, you may need to stir the contents 
occasionally to. eliminate large air spaces. 

4* Mark each Jar with tape at the level attained by the foam* 

5. Weigh the Jars containing the foam. 



« In collaboration with Mr* Gerald Taylor, Farmington Senior High School, 
Faxmlngton, Michigan* 
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6. Calculate the weight of the foam by subtracting the weight of the 
empty jars and tops. 

7. Weigh the empty can, and calculate the weight of its contents by 
subtraction. Does the weight of the contents of the can correspond 
to the weight of the foam? Try to account for any differences 
that you find. Is the difference within a reasonable margin of 

errop? 

8. Screw the tops on the Jars, and allow them to stand for one week. 

B. Second laboratory period. 

1. Nbte that a layer of liquid is now separated from the foam at the 
bottom of each Jar. Examine the foam and see If it has changed, 

and is so, in what way. What do you think has caused the separation? 
What do you think was the physical state of the material in the can? 
What was the relation of the physical state of the originsCL 
material to pressure? 

2. Weigh the graduate cylinder which you will use in the next 
operation. 



.3. Pour the liquid from all of the jars Into the graduate cylinder. 
You will find that you can pour the liquid out from under the 
foam along one side of the jar. If you do this slowly and 
carefully, the foam will not be disturbed, and very little of It 
will be carried off with the liquid. 



4. What is the volume of the liquid? 

5. Weigh the graduate cylinder containing the liquid. 

6. Determine the weight of the liquid by subtraction. Is the weight 
the same as the weight of the contents of the original can? The 
same as the weight of the original foam in the Jars? Are the 
differences within a reasonable marlfin of error? 



7. Weigh the jars containing the remaining foam. Be sure to weigh 
the tops with them. Determine the weight of the remaining foam 
by subtraction. Compare this with the weight of the original 
foam. What do you think has happened? Why? 

8. Add the weight of the .remaining foam to the weight of the liquid. 
How does the total compare with the weight of the original foam? 
With the weight of the contents of the original can? 



9. What conclusions can you draw from the data which you have 

obtained up to this point? What total volume of liquid do you 
estimate is represented by the liquid which is separated out 
from the foam, plus that viiich is still contained in it? 



Wash all foam out of the jars, cuid fill them with water up to the 
levd of the original foam. Measure this volume of water, using 
the graduate cylinder. 



i 
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11. Renove the top from the empty shaving cream can. Wash it out. 

Pill it with water, and measure this volume of water, using the 
graduate cylinder. 

12 How- much greater than the volume of the can is the volume that was 
filled with shaving cream in the Jars? How much of the volume of 
the can was occupied by the total volume of liquid estimated in 
step 9? How can you determine the appro x i m ate volume of gas that 
was also contained in the can? How accurate do you think your 
approximation is? Why? How much of the space in the can did 
this gas occupy? Assuming that your determinations up to th s 
point have been reasonably accurate, how many times normal was 
the pressure under which the gas was held in the can? 

13. Check the accuracy of your results, either by repeating the 
experience, or by comparing your results with those of one or 
more other pairs or teams, using the same methods and kinds of 
material. Was your margin of error, in relation to the replicated 
experience, within a reasonable range of expectation? Try to 
explain any differences that you find. 

Further Considerations ; 

What is the relationship of the units used for measurement of volume ^d 
weight in the metric system? How are these related to measurement of length? 
What is specific gravity? How can you determine the approximate specific 
gravity of the liquid which separated out of the instant shaving cream? 

What is it? What does this indicate as to the solvent that was usckI to 

dissolve the soap? 

What is the relationship of the three physical states of matter: solid, 

liquid and gas, to one another? Think of as many common examples of each 
state as you can. What examples of change from one state to another can 

you name? 

What are the relationships between pressure, temperature, volume, **^^®*^ 
state? How can those relationships be expressed i^t|ematically? What are 

the gas laws? 
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Idea of Transference Pattern 

1. Idea-Bridge: "Patterning In Our World" 

2. Laboratory Esperlences: 

a. "Replicating Simple Patterns" 

b. "Transference of Pattern In Communication 

c. "Transference of Pattern la Heredity” 
















Idea Bridge: ^Patter ning in Our "^forld ” 

Almost everything we do depends on some kind of pattern. We #lsh to 
build a house. We must first employ an architect to prepare a set of plans. 
These constitute patterns. In preparing the plans, the architect follows the 
general specifications set up by the city building authority for our parti- 
cular plat or area. At each step, our activities with regard to building 
the house are guided by patterns. 

A woman makes a dress. She follows a pattern. The decoration committee 
for a school dance cuts out stars and other figures from colored paper to 
hang from the ceiling. They make the use of patterns. The assembly lines 
in an automobile factory are set up for the production of a new model car. 

The patterns prepared by the engineers are followed in every detail. 

The Federal government sets guidelines for the settlement of industrial 
disputes. The state educational authority adopts standards for the certifi- 
cation of teachers. The courts hand down decisions in specific cases which 
serve as precedents for dealing with future cases of the same type. We 
follow customs of ' long standing which are part of our culture. These deter- 
mine our behavior, individually and collectively, with regard to courtship 
and marriage, death and burial, and other major events of life. All of the 
things cited in this paragraph are examples of patterns. 

We carry on our daily activities largely on the basis of conditioned 
responses. We eat with certain table implements and utensils, used in a 
particular way. We dress each day in certain clothes which our society 
accepts as appropriate for our sex, age, and particular activities. Condi- 
tioned responses are patterns. Jpur daily problems are pre-solved for us 
in large part by these patternsT If it were not for them, each action on 
our part would have to be the result of a separate decision. Our days would 
be taken up with these trifling decisions, and we would have ?dttle time 
left for facing new problems involving decisions for which we have no 
patterns to follow. 

ISn (see Idea of Change and Variation ) , we find that 

natural laws are actually descriptions of consistently operating patterns 
in nature. Therefore, our use of patterns in the man-made world which we 
have built follows a precedent (or pattern) which was in existence long 
before we appeared on the earth. Since nature is as it is, and since man 
is a part of nature, it would have been impossible for us to operate in any 
other way. 

We are concerned in this unit with the ways in which patterns, man-made 
and natural, are perpetuated or transferred. We will, of course, be able 
to examine only a few cases and methods of transfer. Some of these are 
quite simple. Others are very complex. First we will look at some of the 
simple ones, and then the more complex ones. You should follow the increasing 
complexity as far as you can. In doing so, you should always keep in mind 
that it is the idea of transference of pattern (to new examples of the same 
kind, to new media for carrying the pattern, to new generations of living 
things) that ties all of them together under a widely applicable principle. 
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Replicating Simple Patterns 



Introduction ; 

We follow simple patterns in almost everything we do. When we use a 
pattern of any kind to make something like itself, we say that we reRlicate 
it. Theoretically, there is no limit to how many times we can replicate a 
pattern. When we use a pattern in this way, we say that it serves as a 
template . A key thus serves as a template in the making of a duplicate 
key. A dress pattern serves as a template for the cutting and assembling 
of the material for the dress. Using the same templates, it would be 
possible to make any number of keys o^ dresses, alike in all essentials. 

In this laboratory experience you will have an opportunity to examine various 
simple cases of replication, and to consider the idea of using various 
kinds of templates as a means of making easier the process of replication. 

Equipment and Materials ; 

1. Automobile switch key, or other key of similar type 

2. Other types of keys, if possible to obtain them 

3. Availability of a place where keys are replicated 

4. Sheets of 8^" x ll" typing paper 

5. Scissors 

6. Ruler 

Procedure ; 

1. Have you ever watched a key being replicated? Take an automobile 
switch key, or other key of the same type, to a place where keys are 
replicated. Watch the duplicate key being made. How is it done? What 
is a"key >'lank"? Are all key blanks the same? How do they differ 
from one another? Ask the person who is replicating the key about the 
possibility of obtaining duplicates for other types of keys. What other 
types are there? NOTE ; It would be well if you would collect as many 
different kinds of keys as you can, and take them with you, so that you 
can ask about them specifically. — How does a single key of the type that 
you have had replicated serve as a template for the making of duplicates 
of itself? Why cannot all types of keys be replicated in the same way? 

2. Fold a sheet of 8^" x ll" typing paper in half three times. Make each 

of the folds as neat and even as you can. This will give you a rectangle 
of paper 8 ply in thickness, measuring 4^” x 2 3/4” on the sides. Now, 
cut out trisuigles or rectangles of various sizes from the edge of each 
of the four sides. Cut along straight lines. Now unfold the paper 
and see what kind of design you have 

Using a ruler, replicate this design as accurately as you can. How 
will you go about it? Why? How many other ways are there by which it 
could be done? Is one method better than the others? Why? How long 
does your method take? Would some other method be faster? Which method 
would most nearly resemble the method used for replicating the key? Why? 

3. Make a paper dart, as follows: Fold a piece of 8^" x ll” typing paper 

exactly in half, lengthwise. Fold one end of each half exactly to 
the center line. Fold the same end of each half ^ again, exactly to 
the center line. Now fold each half out, exacts to the center line. 
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See how far you can sail the dart. a record. You may work with 

another student and make a contest of.-.' it, if you wish. Try the dart at 
least ten times. What is the greatest distance attained? The average 
distance? 

Do you think you could improve the dart by modifying the design? Try 
as many modifications as you think might serve as improvements. What 
design do you find most successful? Keep records of all trials. Repli- 
cate your most successful design, and test each copy of it several times 
to see if the results are consistent. Suggest an explanation for the 
success of your best design. . Your tentatlve-4 explanation .^nsti^utes an 
hypothesis i . Cttfc .y^u tl)inIs;^.of . a ;way to te^t your hypo tl^is? 

How is what you have done to Improve the dart related to the evolution 
of tools? How is it related to mutation and natural selection in the 
world of life? 

Further Considerations : 

Build a kite; make an article of clothing, or follow some other pattern 
of construction. 

Examine each of the following for elements of patterning: 

Conditioned responses in humans or other animals. What are they? 
What are some examples of them? How are they related to habits? 

In what sense are they patterns? 



k. 
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The IdeiEi of precedent in law and other human activities. What 
is meant by precedent? How is it related to patterning? 

Laws , codes , guidelines , which govern human activities. Do they 
set" patterns? How? 

Architect's plans 

The use of a map 

How la the idea of replication of patterns related to mass production 
in modem jUkfaiatry? 
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Transference of Pattern In Cocuannlcation 



I Intorduction ; 

People communicate mainly through hearing and eight. Ttoeoe 
turn depend on patterns of sound and light. Sound and light are e 
forms of wave motion. All forms of waves, including waves on the water, 
which you can readily observe, have two basic characteristics. These are 
(1) wave length which is the distance from one wave to the next, and deter- 
mines frequency; and (2) "wave strength” of amplitude, which the case 
of waves on water, takes the form of the height of the waves, \sTayes of 
all kinds, including waves on water, are reflected from certain minds o 
surfaces, they are also refracted, or turned from a straight line when they 
pass from a medium of one density into a medium of a different density. 

An echo is due to reflected sound waves. An image observed in a ^i**^** 
is due to reflected light waves. Watch water waves lapping against a dock 
after you have thrown a stone into the water. Can you observe reflection 
of these waves? Place a long pencil in a glass full of water, 
always appear straight when you look at it from different directions? When 
it does not appear straight, this is due to refraction of light waves from 
the surface of the pencil when passing from the water into the air, wnat is 
an example of refraction in the case of sound waves? What is a mirage? 

What causes it? 

The things that we hear: voices or other natural sounds, or music or 

other mechanical sounds, are made of a pattern of sound waves. These 
generally vary in both frequency and amplitude. Frequency determines pitch, 
while amplitude determines loudness or softness. 

The things that we see are made of amplitude patterns (light and dark, 
or shades of gray) or of frequency patterns (colors). Amplitude, 
case of light waves, determines brightness or dimness. The colors that we 
see consist of light waves of different frequencies. Those colors make up 
the visible spectrum . All of the colors of light in the spectrum, when 
mixed together, constlviute ordinary light. 

The different colors of light are separated from one another in the 
rainbow, or when light is passed through a prism (a block of clear glass). 
Sometimes a spectrum may be observed when sun light passes through an 
aq arium filled with water. In forming a spectrum the light waves of longer 
wave length (lower frequency) become separated from those of shorter wave 
length (higher frequency). This takes place because they have differnt 
degrees of refraction when they pass from the air into the glass of water, 
and out of it again. How is a rainbow formed through refraction? What 
are the colors of the spectrum that meke up visible light? Which colors 
consist of light waves of higher frequency? Of lower frequency? m the 
case of light of a particular color, how would amplitude be expressed? 



Are there related forms of waves that are of higher frequency than the 
shortest waves of visible light? Are they used for anything? Are there 
any living organisms that can see them? Are there related forms of waves 
^ of lower frequency than the longest waves of visible light? Are they used 

^ for anything? 

Are light waves related to sound waves? How do light waves differ 
from sound waves? How do both kinds of waves differ from water waves? 
What other kinds of waves are there? How are these related to light waves, 
sound waves and water waves? 
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Equipment and Materials ; 

Radio, record player or television set 

Sheet of typing paper (8j” x ll”), not folded or distorted 
Phonograph record 

A piece of motion picture film, with sound track 
Procedure ; 

1, You can see light wave patterns, consisting either of shades of light 
and dark, or of color (unless you are color blind). You can hear sound 
wave patterns. Can you also feel sound wave patterns? 

Use a sheet of 8*” x ll" typing paper. Be sure that it is flat, and not 
distorted in any way. With one hand, hold it between your thumb and 
forefinger at a point in the middle of the top edge. Hold it suspended 
in front of a radio, record player or television set that is playing 
loudly. Now, with the other hdnd, place the tips of your fingers 
lightly against the middle of the sheet of paper on the side away from 
the sound source. Can you feel any vibrations? Can you detect any 
differences or patterning in the vibrations? 

What is the larynx of a human being? Where is it located? What is 
its function? How does it work? Place you finger tips against the 
larynx of a person who is q[)eaking. Can you feel any vibrations? Can 
you detect differences of patterning in the vibrations? Can deaf people 
learn to understand a person speaking in this way? 

Is it possible to feel light wave patterns on the skin? Is there any 
evidence that some people may be able to do this? 

2. What happens to sound wave patterns, such as those made by a human 
voice or a musical instrument, that makes it possible for them to be 
transmitted over long distances, as in a telephone conversation, or in 

a radio or television program? What happens to sound wave patterns when 
they are recorded on a plactlc disc, a magnetic tape, or the sound track 
of a motion picture film? How do they get from one medium to the other? 
What form do they take on the new medium? Find out all you can about 
the processes involved in transmitting «md reproducing sound wave 
patterns over long distances, and the processes involved in preserving 
them on records, tapes, and film. 

Examine the surface of a phonograph record under the low power of a 
compound microscope. Be sure that a strong light is shining on the 
surface of the record when you examine it. Note the grooves. Are 
they all alike? Follow a single groove. Is it the same at all points? 
Can you find evidence of a pattern in any of the grooves? What form 
does it take? Do all of the variations in a particular groove lie in 
the same plane? How is a sound wave pattern approximately like the 
original one produced from the record? 

Examine the sound track on a motion picture film. What form does it 
take? Can you see evidence of patterning in it? What ^s».this evidence? 
How is the sound track made? What relationship does it have to the 
original sound wave pattern? How is the pattern in the sound track 
changed back to a sound wave pattern approximating that of the original? 
Find out all you can about these processes. 
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3. The motion picture, Sound Recording and Reproduction (Encyclopedia 
Brlttanica), if it is available, shows many of the processes about which 
questions have been raised in this laboratory experience. Another picture 
which will be helpful is Sound Wave s and Their Sources (also Encyclopedia 
Brittanica). These may be located through any comprehensive film catalog. 

4. How is sound recorded on tape? What form does the sound wave pattern take 
In this case? How is the sound wave pattern carried on radio waves? How 
are radio waves related to light waves? What is the difference in the way 
the pattern is carried in AM and FM radio? How is a picture broken up and 
broadcast, and then received and reassembled in television? Find out as 
much as you can about these processes. A local radio and/or television 
broadcasting station may well serve as a resource. 

Further Considerations ; 

In what way may photographs, motion pictures, and printed page, be con- 
sidered as examples of overcoming barriers of space and time by transference 
of pattern? Can you think of other examples? 
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TranHference of Pattern in Heredity 



Introduction ; 

We are accustomed to the idea that "like produces like". When animals 
reproduce, the progeny arci animals like the parents, resembling them in 
general, and also, to a considerable degree, in detail. Among humans it is 
often possible to pick out the children of a particular parent or pair of 
parents from among a group of individuals of similar age. Careful study 
will reveal a greater degree of resemblance than casual observation. What 
is said here concerning animals is also true of plants. 

Biologists have discovered the mechanism of heredity, and have identi- 
fied the basic material which carries the heritable characteristics from 
parent to offspring— from one generation to the next. The gene or unit of 
heredity, is a part of a very large, string-like molecule of a substance 
called deoxyribonucleic acid (DNA>. Molecules of DNA are found in the 
cores of chromosomes. Chromosomes are generally rod-shaped and can be seen 
readily in the nuclei of cells when the cells are in process of division. 

Biologists have devised methods of studying the structure and behavior 
of DNA molecules, anJ have been able to make models representing their 
structure. In this experience you will be asked to look at chromosomes 
under the microscope; to see motion pictures; and to read a series of re- 
ferences. In some of the references the structural model of DNA is shown 
and discussed. 

Some of the references are written at a level that you can read quite 
readily. Some are more difficult. Start with the simpler reading, and 
read as far as you can. As you go along, write down any questions that 
you wou Id like to have answered, and raise them at an appropriate time in 
class. 

Materials and Equipment ; 

Compound microscopes 

Prepared slides showing mitosis in the As carl a worm. 

The following motion pictures; 

Mitosis (EBF) 

’ DNA Molecule of Heredity (EBF) 
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Ibe following books: 

Cell (Life Science Library), by John Pfeiffer and the 
Editors of Life , published by Time , Incorporated, and 
distributerfl^ the Silver Burdett Company 

How Life Began , by Irving Adler, Signet Science Library 
P2135 (paperback) 

The Wellsprings of Life , by Isaac Asimov, A Mentor Book 
MD322 (paperback ) 

The Genetic Code , by Isaac Asimov, Signet Science Library 
P2250 (paperback) 



Procedure: 

1. Look at demonstrations of the cycle of mitosis in the Ascarig^ 
worm set up under a series of microscopes. Read about mitosis 
and look at pictures and diagrams representing it. What is 
mitosis? What is the function of it? What do chromosomes look 
like? At what stage during the cycle of mitosis are they most 
readily observaV>le? Why? 

2. See the motion picture. Mitosis . Does the motion picture help 
you to see mitosis as a cycle of events within the cell? As 

a pattern that repeats itself? 

3. See the motion picture, The DWA Molecule of Heredity . What is 
the realtionship of MIA to chromosomes? What are genes? How 
are they related to ONA? 

4. Read The Cell (Life Science Library), especially Chapter 3, 

’’The Architect and the Master Builder. ” Pay particular attention 
to tLe portions that tells about deoxyribonucleic acid (DNA) . 

Also look at the pictures and read the captions under them. Why 
is the DNA molecule called ’’The basic blueprint of life? What is 
the shape of the DNA molecule? What is its structure? What are 
the units of which it is made? How many kinds of units are there? 
How does the DNA molecule replicate itself? What are mutations? 
What causes them? How do we know that a mutation has occurred? 

To what extent can we induce mutations? To what extent can we now 
control mutations? Do you think that we will ever be able to 
control them? 

5. Read How Life Began, by Irving Adler. Pay particular attention to 
the section, ’Tnside the Cell”, beginning at the top of page 40. 
Continue with the sections, ”How a Cell Divides, ” ^essages^^in 
the Cell,” ’’Chemical Regulators,” ’’The Simplest Cells,” and ’At 
the Border of Life” in the pages that follow. Read the section 
’’Molecules that Copy Themselves,” on pages 98-99. 
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You will find excellent background, very simply written, In ^apter III 
of this book, "Elements and Compounds", pages 45-61, Chapter IV, Carbon and 
Its Family", pages 62-86, and the sections In Chapter V called -Proteins 
and "Anagrams and Patterns", pages 95-98. Read as much of this background 
material as you find helpful. 

How is DNA related to protein formation? How are proteins related 
to enzymes? What are enzymes? What do they do In the living organism? 

Why has life been called "a bundle of enzymes in action? 



Additional Reading ; 

SiS Wellsprings of Life , by Isaac Asimov, especially the following 

chapters: 



Chapter 11. 
Chapter 12. 
Chapter 13. 
Chapter 14. 
Chapter 15. 



"Building Blocks in Common" 
"The Shape of the Unseen" 
"The Surface Influence 
"The Living Molecule" 
"Passing on the Information" 



Read The Genetic Code , by Isaac Asimov. Begin with Chapter One, 
and continue to read as long as you feel that you are understanding what 
you read. The early portions of the book are very simple. The ma er a 
becomes more complex as you go along. How far are you able to read? 

What can you say of the idea of transference of pattern as it applies 
to heredity? What is the pattern? How is it transferred? 
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Idea of Interdependence and Interrelationships 

Idea Bridge: "Hiinking About bynamlc Interdependence and 

Interrelationships in the Natural World” 

Laboratory Experiences: 

a. *'A Study of Interrelationships: The Balanced Aquarium and 

the Pond Infusion Culture” 

b. "Demonstrating Interrelationships; A Wield Trip* in the 
Laboratory” 

c. Interrelationships of Physical Environmental Factors: The 

Evaporating Power of the Air” 

d. "Plant-Animal Communities Are Everywhere: Forest Edge” 

e. "interrelationships: Communities and Environmental Factors 

on Your School Ground” 

f. "City Birds" 

"interrelated Processes in tiie Human Environment 
h. "interrelationships involving Simple Human Experiences” 



Interdependen ce and 

Interrelation ships in the Natural World 



One of the most significant of the ideas which science has contributed 
to modern thinking is that of interdependence and interrelationships. 

Nothing in the universe stands alone. This is true of living organisms, 
physical phenomena, events of all sorts, everything that is dynamic, or 
that occurs. Things must be thought of and studied in their settings. 

If they are taken out of their settings they are not the same anymore. 
Everything is part of a picture, which, in turn, is part of a larger 
picture, and this of a still larger one, and so on out to the ultimate 
bounds of the universe, if, indeed it has any bounds. 

Living organisms in nature exist in communities, which, in turn, cannot 
exist outside of a particular habitat, which is dependent on the physical 
factors of the environment. If a living organism, such as a frog, or a 
snail, or a beetle, or a man, is taken out of its natural setting, or 
out of one setting into another, it behaves differently, and, in a very 
real sense it is not the same organism anymore. The old descriptions 
of its behavior no longer apply. Can you think of any examples of 
kind of thing that are applicable to children? Or to growa«*up people 

Various factors of the physical environment change in relation to one 
another: depth and pressure, temperature and pressure, rate of evaporation 

and wind movement, rate of erosion and slope. In some cases several simple 
physical factors interact to produce a single complex one such as the 
evaporating power of the air. 

Any event is the resultant of many complex causes interacting with one 
another, even though one particular cause may seem at first to overshadow 
all others. Careful study will bring others to light. There is no single 
event that does not affect other events that come after it. If you had 
not moved to the place where you now live, you would not know the same 
people that you now know. You would be different and they would be 
The event of your move brought about or affected other events that ^ 
not have happened at all, or would have happened differently if you had 
not moved or had moved somewhere else. Try to think what uu-gnt or mignt 
not have happened in some particular case. 

There is nothing that is not influenced by other things. Try to think 
of something that stands alone. A stone? A day? A chair? A piece of 
metal? A star? Try to think of the influences which affect any one thing. 
Then think of the influences which affect these influences. Try to find 
a stopping place. Can you? 



A Study of Interrelationships; The Balanced Aquarium 
* and the Pond Infusion Culture 



Introduction s 

Hie ideal way to study plant- animal coiamunlties is to go on a 
field trip to see them. It is not always ppssible, however, to do 
this. Time, distance and facilities may not permit it. The following 
set of experiences may therefore be used as a substitute. They may 
also be used to supplement a field trip to a pond or lake. 



A balanced aquarium is a miniature pond in the laboratory. The 
succession of forms of microscopic life in a pond infusion culture 
leads ultimately to a small balanced community which is comparable 
to a balanced aquarium. A study of a balanced aquarium and a pon 
infusion succession will help to develop an understanding of the 
interrelationships involved in the larger communities of living 
nature: ponds, lakes and forests, and the processes of succession 

through which these pass in developing a relatively stable (dynamically 

balanced) condition. 



In setting up these experiences, you can proceed on your own, 
but you must be careful. Slip-shod procedures, or failure to follow 
directions may result in failure of the aquarium to come to balance, 
or failure of the Infusion culture to go through a normal succeesion.. 
Exact results in any case are Impossible to predict. The development 
of the culture, however, should follow a predictable general pattern. 
Failure of the culture to do so, or variations from the pattern, wil 
furnish interesting opportunities to suggest hypotheses as to possible 
causes, and may constitute the basis for further experimentation. 

Balanced aquaria may be set up on an individual basis, 
cultures lend themselves to group activity, but at least six dif fere t 
cultures should be set up by teams of students in the class in order 
to make T^ossible a study of variations in their behavior. 



Materials and Equipment : 

Gallon and quart size glass Jars 
Compound microscopes 
Medicine droppers 
Slides and cover slips 

References for identification of aquatic organisms 



Procedure : 

Constructing a Balanced Aquarium 

Obtain a Jar or other clean glass container of at least one-gallon 
capacity, which has an opening large enough that you can get your hand 

into it. 



Get some river or lake shore sand as free of dirt and debris as 
possible. Wash it thoroughly through several changes of water. Place 
sand in the bottom of the container to a depth of two inches. Fill 
the container with water to a level such that when you put your hand to 
the bottom the water will not overflow. Allow the sand to settle 
until the water becomes reasonably clear. 

Put a number of aquatic plants into the aquarium. Collect them 
from a pond or a quiet pod in a stream or purchase them at an aquarium 
or pet store. You may use more than one kind of plant, some floating 
(duckweed) , some rooted In the sand with the main plant body submerged 
in water (eel grass or elodea), and some rooted but having floating 
leaves. Why would it be unwise to get plants from an actively flowing 
strecun? What advantage might there be in obtaining your plants from 
an aquarium store? Why? Watch si2se relations. Do not put large 
plants into a small container. 

Put a few aquatic animals into the aquarium. Why a few ? 

Snails are the best animals for this size container. Larger animals 
would be difficult to support in so small an aquarium. Why? Most 
•mails are herbivores (plant eaters) and are more likely to find an 
adequate food supply here. Do not Include tadpoles, because these, ‘ 
as adult frogs, live outside of water. Do not Include aquatic Insects 
or fish. Many of them are carnivores (animal eaters) and probably 
would not have enough food and oxygen for very long. To support 
carnivores, a balanced aquarium would have to be much larger and con-* 
tain many more plants and small herbivores. How much larger do you 
think it would have to be? Why? If you have been successful in 
building your aquarium, it will become balanced at the snail level « 

Cover the jar with its own lid or glass cover, or with Saran 
wrap, to minimize water loss through evaporation. Allow your aquarium 
to stand for at least two weeks. If, at the end of two weeks, the 
water is clear, if it smells "fresh,” and if the plaOits appear healthy 
and the animals are alive, the aquarium is approximating a balance. 

The longer it continues in this condition, the more probable is the 
balance. 

Your balanced aquarium will maintain itself successfully in any 
window during the winter months. An east or north window is best for 
a year-round location because the aquarium is more stable in a place 
where it receives plenty of strong indirect light, and only a small 
amount of direct sunlight. In summer, west and south windows are 
too hot for an aquarium. 

Although daily and seasonal light and temperature changes in the 
classroom are not as extreme as they are out-of-doors, such changes do 
occur. You can watch the changes that take place in your aquarium as 
the seasons change. 

List the different kinds of plants and animals that have become 
established in your aquarium. What is the relationship of each life 
fcrm to the aquatic community of which it is a part? What are the 
sources of oxygen, carbon dioxide and mineral salts for food-making 



and respiration? What about the activity of colorless plants? What 
evidence do you see lor their activity? 

The final result of your balanced aquarium experience is an 
aquatic micro-coomiunlty which should remain relatively unchanged 
over a long period of time, if the conditions of its environment 
are not ;?hanged. The only way available for us to Judge the 
achievement of this balance is by observing its continued success. 
Chemical analysis might be possible, but not at the level at which we 
are operating. Nevertheless, the Judgment of a biological result on 
the basis of a kind of biological test or assay is a method widely 
used. What other examples of It can you think of? 



Setting yp A Pond Infusion Culture 

Fill a quart Jar about S/4 full with plant material from the 
edge of a pond, including some of the floating and submerged green 
vegetation and some of the dead vegetation from the pond bottom. 

Be careful not to include mud. Fill the Jar to a point near the top 
with water taken from the area where it has been stirred up. In doing 
this you will have secured a representative sample of the microscopic 
aquatic organisms in this environment. 

A sample secured in this way will contain a maximum variety of 
microscopic forms. Not all of them will appear, however, on immediate 
microscopic examination. Therefore, the Jar should be allowed to stand 
for twenty-four hours. By this time the organisms will have oriented 
themselves to the changed situation, and a more accurate survey can 
ba made. 

A pond infusion culture consists simply of a Jar of material 
obtained In this way, and allowed to undergo the natural changes which 
occur over a period of days or weeks as a result of the changed 
environmental conditions to which It is exposed in the laboratory. 

When kept in the laboratory, the culture should be placed In 
a window, but not allowed to stand in direct sunlight. It should be 
moved as little as possible. The same side of the Jar should be kept 
exposed to the light from the window. Why should the culture be 
maintained in this way? In what ways does the laboratory environment 
differ from the pond environment? What physical factors of the environ- 
ment are changed when the material is brought Into the laboratory, and 
to what extent? What biological factors are changed, and to what 
extent? Predict possible effects that these changes may have on the 
living organisms brought in from the pond, and then try to determine 
the validity of your predictions during the period of your observation 
of the developing culture. 

Succession in the Culture Jar Community 

In securing samples from the culture Jar for study under the 
microscope, fill a medicine dropper as you scrape the end of it up 
and down through the top film of the water against the glass on the 






) 



) 



Side of the Jar nearest the window. By this means you should ® 

sample of the organisms in approximately the top one-fourth inch of the 
water. What environmental factors are you taking Into consideration 
when you take a sample in this way? How do these operate in the plant- 

animal community? 

In addition to any other considerations involved in taking apples 
in this way, there is the advantage afforded by 

which are taken in the same way each time the culture is studied make 
possible a comparison of results. Additional samples may J® 
from other parts of the culture, using different methods of sampling, 
but these also should be uniformly obtained. Such samples may be 
compared with the ones taken as indicated above. In every case at 
least three samples should be studied from any locality in any par- 
ticular jar on each occasion. Why? 

in identifying the organisms observed, the following standard and 
easily obtainable reference books are helpfuls 

1. Eddy, Samuel, and Hodson, A. Ce , Taxonomic Ke ys to the Common 
Animals of the North Central States e Burgess Publishing 
Company, Minneapolis, Minnesota, ld55e 

2. Needham, James Ge and Needham, Paul R. , A Guide to the Study 
of Freshwater Biology e Holden- Day, Inc., San Francisco, 
California, 1962. 

3. Jahn, T. L. , How to Know the Protozo^ . William C. Brown and 
Company, Dubuque, Iowa, 1949. 

4. Ward, H. D.. and Whipple, 0. C. , Freshwater 

and Sons, Hew York, 1918. (Second Edition, W. T. Edmondson, 

editor, 1959.) 

Since common plankton forms are generally world-wide in their 
distribution, any good reference book on microscopic aquatic or g^i sms 
will be useful. Any reference book used, however, should 
pictures or sketches of the common organisms for ready Identification. 
Keys are necessary for detailed identification, but for t e ® 

rewgnitlon involved here, time is not available for iuch 
nor is it necessary. It is better to leave an occasional animal 
tilled than to "lose sight of the forest in studying the trees.. The 
goal of this experience is to understand the interrelationships which 
List in the community, not to identify a large number of organisms. 

Ask your teacher to verily the identification of the organisms 
that you have seen. Tour teacher may then draw rough ®|j®^®*^®® . 

these organisms on the blackboard, emphasizing such readily observable 
characteristics as body shape, size, and outstanding features of 
appearance. Sketches of this type will enable others to recognize 
the organisms if they see them. It is well if these sketches can 
remain on the board during the progress of the study, being supplemented 
with additional ones as new organisms are discovered. Usually all of 
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I th© more common organisms in the culture are identified during the first 

few periods of observation. Remember that all organisms which appear 
at any time during the development of the culture must necessarily be 
derived from those which were present at the beginning. Nothing new is 

introduced* 



If you wish to do so, you may avoid all identification of genera 
and species of the microscopic animals and plants by 
the organisms that you observe in a few major groups: (1) flagellate 

protozoa, (2) dilate protozoa, (3) rhizopod protozoa, (4) microcrustacea, 
(5) miscellaneous arthropods, (6) worms, (7) single-celled and colonia 
green algae, (8) filamentous green algae (9) diatoms (10) blue-green 
algae, and (11) bacteria. This procedure has certain advantages from 
the standpoint of summarizing results, and it is very easy to carry 

out. 




The culture may well be examined dally during the first week or 
even two weeks. If it is desirable to carry on other class activities 
during this time, however, examination on alternate days will be 
sufficient. The changes during the first two weeks are rapid and 
interesting. After the first two weeks, examinations once a week or 
even less often will be enough to detect the slow changes which are 
occurring. After six weeks, a single examination at the close of the 
semester or the school year will serve for comparison with the 
balanced aquarium. If old culture jars are available, 
mature cultures from previous years, these also may be studied an 
used for purposes of compariaon. 



Work out a means of quantifying your data. This may be done 
by combining the results of the entire class at the close of each 
period. Use the sketches on the board in helping to determine cl ^s 
totals. Exact counts are not necessary. It is usually sufficient to 
state results in terms of rough categories such as, very abundant , 
"abundant", "many", "few", and "rare". Quantification 
serves as a useful summary of the work of each period, and helps to 
present to the class a picture of the changing scene of the culture 
as the succession progresses. 



In general, the predominant organisms in the culture during 
the first few days are those which are common in plankton samples 
taken directly from the pond; microcrustacea, green algae, diatoms, 
slue-green algae, aquatic annelids, insect larvae, other micrometazoa, 
ind protozoa in small numbers. After a few days, the green forms, 
the microscopic metazoa and some of the kinds of protozoa become ewer 
Ln number and disappear. Processes of decay set in, bacteria multiply 
and are seen in large masses, and the ciliate protozoa (paramecium 
and others) that feed on bacteria become abundant. This stage may 
last for several weeks. Then, as decay runs its course, the bacteria 
and bacteria-feeders diminish; the green and blue-green algae become 
abundant again; such microscopic metazoa as have lived through the 
oeriod of decay are again seen in small numbers; and the culture 
slowly attains^a balance. Ultimately it becomes a miniature balanced 
aquarium, balanced at the microscopic level* 













At this poliat, a comparison with the gallon Jar balanced aquarium 
which was constructed at the beginning of the study should be made. 

How are they similar? How do they differ? Why? Why was it possible 
to construct the larger balanced aquarium without its having to pass 
through the succession stages which took place in the case of the 
culture Jar? How are both of the balanced aquaria similar to the plant** 
animal community of a pond, lake or the ocean? How are they different? 



Further Investigations ; 

What are the implications of the pond infusion culture-balanced 
aquarium study for understanding some of the methods of purification 
of city water supplies? For some of the methods of treatment of 
sewage? Visit a city water plant and a city sewage disposal plant if 
possible, and see these processes in operation. 

What are the Implications of the study for a possible part- 
solution of the problem of a food supply for the world’s future dense 
population in the form of "farming" the rivers, lakes and oceans for 
food'? What are the implications for maintaining a food supply in a 
space ship traveling vast distances over long periods of time? What 
kinds of research are now being done on both of these problems? 

What kinds of controlled or semi-controlled experiments could be 
set up to study further the problems raised by the pond infusion cul- 
ture? Set some of these up and try them. . 



♦Donjons tratlnji; mtawlatloMhlpa ; A **PieId Trip** In the Laboratory 



Introduction ; 

Plants and animals are dependent on one another and on their physical environ- 
ment. The interrelated organisms living in a particular habitat constitute 
a Plant- animal (biotic) community . A simple classroom activity will help to 
demonstrate the complexity of the relationships that exist In plant-animal 
coMBUnlties, the Interdependence of living organisms, and their common depend- 
ence on physical environmental factors. 

The class should be divided into committees of convenient size, each of which 
will construct a set-up for a specific plant-animal community. Only com- 
munities which are well known to the committee members should be used. 

Some of these might be <?> a forest edge, (2) a forest floor, (3) a pond, 

(4) a pond edge. Equally good possibilities ares a suburban back yard, an 
area in a nearby park, an area on the school ground. If the committee is not 
thoroughly familiar with the community, it should be studied by the committee 
members in preparation of the laboratory experience. 

Materials; 

A ball of string 
5” X 8*’ cards 
Masking tape 
Thumb tacks 

Procedure ; 

List as many plants and animals as you can from the conauinity that you are 
studying. Discuss the interrelationships which exist among the organisms in 
the community, and the physical environmental factors on which they depend; 

pyAp fty ft s> 5** X 8** card for each organ!.. listed. The card should bear the 
name of the organism, and the physical environmental factors which affect it 
directly (e.g«, golden rod ; sunshine, rainfall, etc,; land snail ; moisture, 
shade, etc. —scientific ncunes are not necessary.) 

Arrange the cards in a convenient fashion on the top of a table, and fasten 
them with masking tape; or arrange them on a pegboard, fastening them with 
thumb tacks. 

Run a string from each card, representing an organism, to each card repre- 
sentix^ another organism to which it is in any way related. The relationships 
may involve food, predation, cover, nesting sites, and any others that the 
committee members can think of. Fasten the strings to their respective cards 
with either single tabs of tape or thumb tacks. 

Prepare a list for each organism, including the names of the other organisms 
to which it is related, and the nature of the relationship in each case. 



In collaboration with Dr. Beth Schultz, Department of Biology, Western Michigan 
University. Idea derived from material by Dr. Verne. M*. RoeMeaetle, Department 
of Science Education, OomeU University. 






Now v»ry or eliBinate any sinfle physical environmental factor (e.g., light 
rainlaU-, temperature), and determine by inspection of the cards (1) what 
organisms would be affected directly, <2) what organisms would be ^fected 
indirectly, by the direct effect on organisms to which they are related, and 
(3) what the effect would be on each organism affected either directly or 
indirectly. Keep a record. 1X> this for several environmental factors. 

Of what does weather consist? Climate? What is the relationship between 
weather and climate? Why does climate tend to remain constant from year to 
year for long periods. What would be the effect on plant-animal communities 
climate were less co: tant? Have there ever been times when climate chwged? 
When? What happened? Are there any evidences of short-term climatic change 
What are they? What happens when they occur? 



Now vary (increase or decrease in numbers) or eliminate any single organism 
in the web of relationshiiJg . Determine by inspection of the cards and the 
strings representing relationships between them (1) what other . 

be affected (a) directly, or (b) indirectly, and (2) how they would be af-^te . 
Keep a record of the nature and extent of the effects. Do this for several 
organisms in your web of relationships. 



Are some organisms more important to the Community than others? What is 
meant by "key organisms"? What makes them so? 



What is meant by the "balance of nature ? Is there really such a 
On what does it depend? What is meant by dynamic balance ? Try to define 
plant-animal community, including both living organisms ^d physical factors 
in your definition. What is meant by an ecosystem? 



Further Considerations; 

What is meant by conservation? Is the same thing always meant when people 
talk about conservatlco? How Is conservation related 
eonauntty structure and function? What is »BWt y “ . 

and "destructive" activities of man? In terms of purely hu^ stantords? 
in terms of nature? Do the preceding questions specifying purely human 
standards" and "in terms of nature" imply a contrMt? If so, what is it? 

Try to frame your own definitions of "constructive and destructive activites. 
Uat as many^of both kinds of human activity as you can. Try to frame your 
own definition of conservation. 



interralatlonihtp* of Physical gactorg: Evaporating Powr of the Air 



Introduction; 

Cllnate haa been called ’’year-to-year weather'*, and weather "day-to-day climate". 
When we think of the physical environmental factors that make up weather, however, 
we tend to think of them separately: temperature, relative humidity, wind movement, 

barometric pressure, light. Actually they are all interrelated in their action 
and their effect on living organisms. Indeed, it is sometimes difficult to 
separate their effects. 

Apparently the factor which has the greatest Influence on man is a composite one; 
changeability and storminess. This involves most of the basic weather factors. 

It is expressed in the day-to-day weather changes which appear to be related to 
the high rate of physical and psychological activity characteristic of the more 
favorable climatic regions of the world. 

One component of this general climatic factor is the evaporating power of the air. 
This is Itself a composite of several physical environmental factors; temperature, 
relative humidity, wind movement, barometric pressure, and possibly others. A 
Ia.boratory experience can be set up with relative ease which will enable you to 
explore the interrelationships of some of these factors and arrive at your own 
conclusions concerning their operation. 

Equipment and Materials ; 

Thermometers 

Pan for boiling water 

Electric fan (two speeds) 

Rubber bands 
Wide mouth Jar 
Saran wrap 

Ring stands or other device for holding thermometers erect 
Small piece of woolen Cloth 

8- ounce drinking glass or tumbler 

9- inch pie pan 

Potted cactus or other plant without leaves 

Potted geranium or other leafy plant approximately the same size 
as the cac^tus 
Razor blade 

Glass microscope slides 
Ulcroscope or hand lens 
Plastic bags 
Sponge 

Procedure ; 

Using two identical, thermiMDueters---^C5entJ.grade or Pahrenheit), test a variety of 
temperatures. Be sure to leave the thexmomedters in each location. Jxmg enough 
to insure an aocurat© reading. How long is long‘"enough ? Why? 

a. room 

b. in the sun 

c. near a radiator or okher source of heat 

d. Immediately above a pan of boiling water 

e. in front of an electric fan: 

(1) at low speed 
(8) at high speed 









Do the two thermoaeters register Identical temperatures In all cases? If 
not> are the differences consistent? If there Is a consistent difference, 
record It, and use It as a correction factor In all future readings. 

Wet a small piece of woolen or other heavy cloth (with distilled water If It 
is available), and fasten It with a rubber band around the bulb of one 
thermometer. Support the thermometers In an upright position, side by side, 
about three inches apart. Be sure to kepp the cloth wot while you are 
carrying on the experience. 

Record the dry bulb and the wet bulb temperatures In the same locations that 
you tested before. Be- sure to leave them In each location long enouth to 
Insure an accurate reading. How long Is ^'long enough*' in this case? Why is 
there a difference between the dry bulb and the wet bulb temperatures? 

Where do you find the greatest difference between the dry bulb and the wet 
bulb temperatures? Why? Where the least? Why? 

Record the dry bulb and the wet bulb temperatures in front of the electric 
fan, at both high and low speeds 
in the sun 

near the radiator (or other source of heat) 
over a pan of boiling water 

Compare these readings with the ones obtained in the sane locations without 
the fan. What differences do you observe and what conclusions can you draw? 
Why? 

Starting with a fresboi^ wet cloth on the wet bulb thermometer, let the 
thermometers stand at room temperature until the cloth Is dry. Record the 
temperatures on both thermometers on a single sheet of graph paper every five 
minutes. What Is the relationship between them? Do the same thing in front 
of the fan (a) at low speed, and (b) at high speed. Record the results In 
the same way. in each case. What is the relationship of the three sets of 
data? Why? 

Put two or three Inches of water in the bottom of a wide mouth jar. Cover 
the jar with Saran warp. Insert two thermometers, one dry bulb and one wet 
bulb, side by side, thmough two small holes (as small as possible) In the 
Saran wrap. Devise a means of holding thcmi erect above the water. 




3. 

Allow this 80 t-up to stand in a was* place (in the sun or near a radial^'p) 
several hours. What is the relationship between the dry bulb and the i . 
taaperatures? Why? Which of tho locations used earlier is most nearly ,*w«<ar- 
able to this situation? Why? 

7 Fill an 8-ounce drinking glass with water. Pour it into a 9-inch pie pan. Refill 
the drinking glass with water. Allow both containers to stand at room temperature 
lor 24 hours or longer. Measure the amount of water remaining in each . What is 
the relationship? Why? Calculate the surface area of the water in the pan 
and in the glass at the start of the experience. How many times larger is the 
exposed surface of the eater in khe pan than in the glass? Is this relation- 
ship proportional to the difference in the evaporation rate in the two vessels? 
Can you think of any factors that might enter into the situation to modify 
this relationship? 

8, Fasten plastic bags as closely as possible around ; 

a potted cactus or other leafless plant 

a potted geranium or other leafy plant approximately the same size 

The pots should be the same size, and both plants should receive the same amount 
of water at the time the bags are fastened around them. The bags should be 
fastened around the bases of the plants rather than round the pots, and should 
allow approximately the same amount of space inside the bag around each plant. 
Place the plants side by side in the sunlight, and allow them to. stand for a 
few hours. Remove th^ to a cool place, and allow them to stand until moisture 
droplets form on the inside of the bags. Compare the amounts of moisture co^ 
lected on. the inner surface of the plastic bags. Where did it come from? What 
are. the relationships? Can you suggest reasons for any differences that. you 
observe? Why did the moisture not appear when the pots were in the sunlight? 

9. With a razor blade remove a small portion of the surface layer of the cactus, 
and of the leaf of the other plant. See if you can tear off a thin strip of 
the surface layer. This may require severAl attei«>ts, and a little practi^. 

Put a specimen from each plant in a drop of water on a microscope slide. Examine 
it with the lowest power of the microscope, or with a hand lens if a microscope 
is not .available. Describe any differences in structure that you are able to 
observe. What is the relationship of the surface structure of the plant to the 
evaporation of water from the plant? How does the amount of water evaporated 
from an acre of green vegetation compare with that from an acre of bare soil? 
From an acre of open water? 

Further Considerations ; 

Summarise what you have found out about the interrelationships of physical environ 
mental fetors Involved in the evaporating power of the air. What factors do 
think are involved other than the ones you have studied? What effect do you 
these have, and how do they enter into the picture? What do meteorologists mean by 
the /^comfort facter”? What does it include? 

How is relative humidity measured? How is it related to the actual amount of water 
vapor in the air (absolute humidity)? Immerse a sponge beneath the surface of water 
and allow it to become completely filled with water. Remove it from the water and 
squeeze approximately half of the water out of it. Release the pressure on it an 
allow it to resume its natural shape. Explain how this constitutes which 

illustrates the condition expressed by ”50 per cent relative humidity . Why does 
relative humidity increase with falling teaperature? What is dewpoint? 

How are rainfall tfowi other forms of precipitation related to relative humidity? 

What additional factors enter into the occurrence of rainfall and other forms of 
precipitation? Listen to or watch weather forecasts on radio or television. Find 
out how they are made amd the kinds of information on which they are based. 






PIaiit*»Anlm«l Coanunities Are Everywhere: Fogest Bdge 



IntrodUgtloa ! 

Plants an4 aninuas In nature never live alone« Ihey are always associated 
with other plants and animals, usually with some belonging to species 
different from themselves. Orgmiisms that live together Influence one 
another. Together they make up the living environment of one another. Ibe 
living environment Is Influenced by, and In turn, has an Influence on the 
physical environment (temperature, relative humidity, wind movement, light, 
soil.) The plants and animals that live together in a particular habitat, 
interacting with the environment (living and physical) constitute a biotic 
(plant-animal) community. 

There are many different kinds of biotic communities. Some exist in water 
and hre called aquatic: ponds, temporary pools, small streams, rivers, 

lakes, a«d communities in the ocean. Others exist on land and are called 
terrestrial. In any region which was formerly covered with forest, one 
of the commonest kinds of terrestrial communities is forest edge. This 
community has certain characteristics by which it may easily be recognized, 
These characteristics indicate environmental conditions which detenalne 
the kinds of plants and animals that live in the community. 

Forest edge conditions always include: 

(1) partial or open shade, as contrasted to the closed shade of 
a forest and the open sunshine of a grassland. 

(2) a mixture of viegetation types: trees, shrubs, broad- leaved 

plants that grew up each year and die down with frost, grasses, 
and sometimes vines. 

(3) a tangle of vegetation, throu^ which you would want to seek 
for a path If one were not readily available. 

Such conditions may be found not only at the edge of a woods, but also in 
many other places. Therefore there are communities of forest edge type 
which are found in field borders, along roadsides, in brushy pastures and 
abandoned areas, and in towns and cities, wherever people have planted 
trees and shrubs or have allowed them to grow. Such communities, which 
show forest edge characteristics but are not attached to a forest, ane 
called "detached forest edge”. Most of them have been created by man, 
or allowed to develop in connection with his uses of land. 

Procedure ; 

Visit the edge of a woods. If one is available, and observe the general 
conditions of the forest edge community. Note the three characteristics 
listed above. To what extent are they present? Do not take time at this 
poidt to identify the plants, although if you know some of them it is helpful 
Do you observe any animals? Remember that insects, snails, worms and other 
invertebrates are animals, as well as mammals and birds. Look for inverte- 
brates in the litter of living and dead vegetation on the surface of the 
ground, and in the surface layer of the soil. 













Xf A WQO<to i* Availablo, look for the sane kind of condition! in the 

wooded and bruahy portion of a park or other available area. 

When you are cure that you have a mental picture of foreat edge condition!, 
look for detached foreat edge ccanmunitiea. Xf you are it the country, look 
at <woAdaidea, field border a, bruahy paaturea, abandoned fielda. Xa there any 
correlation between rough terrain (hilla, gulliea, atraama) and the occurence 
of forest edge conditions? Small areas of woodland which continue to exist 
in an agricultural countryside are called "relict woodlmds". Is there any 
correlation between the occurence of these and rough ter. rain? Xs there a 
relation between these and detached forest edge conditlono? 

Xf you are in a town or city, look for detacheo foreat edge situations where- 
ever you can find them. Iheir occurence in parka has already been mentioned. 
What about the occurence of forest edge conditions around dwellings where 
t'rees and shrubs have been planted? What about school sounds? What about 
landscaped areas around public buildings? Aroudd industrial sites? What 
about cemeteries? Describe some of these in terms of detached forest edge. 

Exjunine. urban waste areas for evidences of forest edge: railroad rights-of- 
way, the edges of parking areas, vacant lota, the foundations of wrecked build- 
ings, city dumps. What elements of forest egge, plant and animal, do you 
find in these places. 

Ck> into the center of a town or city, where at first glance there is nothing 
in the way of visible life other than humans. Can you find any other living 
things? Are there any birds? What are they? Are there any insects? Look 
in cracks in the sidewalks and at the foundations of buildings. Do you find 
any other animals? What other animals do you think you might find if you 
wore able to look in the right places? Where would you look? What plants 
do you find? Where? 

Select an urban waste area within walking distance of your school, or work on 
a portion of the school ground. Examine a typical areas as large as possible, 
but with definite boundary lines and of calculable size. Try to discover all 
of the kinds of plants and animals that are in it. Count or calcualte the 
number of each kind. With the smaller species you may find it necessary to 
count the number in a small, typical area (for example, one square yard) and 
calculate from this the approximate number present in the total area. What 
are the most abundant specleft of plants? Of animals? How is this related to 
size? Are the smaller species always the most abundant? Try to account for 
the relative abundance of some species and the relative scarcity of others. 

Try to determine the relationship of each species to its environment, and to 
the community as a whole. R«aember that the micro-environment, that is, the 
environment immediately surrounding a small species of plant or animal, is 
more important for it than the macro-environment of the entire community. 



Scientific names (genus and species), while desirable and useful if they are 
readily determinable, are not necessarily required for this experience. The 
goal of this experience is to study relationships rather than to identify 
animals and plants. Identification is a means to an end rather than an end 
in itself. Common names, such as "spring beauty" or "thirteen- lined ground 
squirrel", or even assigned names, such as "snail #l", "snail W2", and "snail #3" 
:^r "small lavender-f lowered mint", will suffice if more detailed identification 
is net readily pceeible. 







3 . 



You May find tbo j^oj-lowlng nethod of tabulation helpful: 

Trees : 

Name of Species Number per Unit of Area 



1 . - 



2 . 

3 . 

Shrubs ; 

Name of Species Number per Unit of Area 



1 . 

2 . 

3 . 

Continue for Broad- leaved Plants , Grasses , Vines , and Other Plants . 

In the same way for animals, list Birds , Mammals , Other Vertebrates , 
Insects , and Other Invertebrates. 

You Will find the following books helpful: Rickett, Harold W. , 

American Wild Flowers , G. P. Putnam's Sons, New York. 

Petrides, George A., Field Guide to Trees and Shrubs , Houghton 
Mifflin Company, Boston. 

Peterson, Roger Tory, A Field Guide to the Birds , Houghton Mifflin 
Company, Boston. 

Lutz, Frank E« , Field Book of Insects , G. P. Putnam's Sons, New York. 

If you do not have these books available, any other field books with 
illustrations and descriptions will be useful. The books listed above 
will be particularly helpful in Michigan and elsewhere in the eastern 
United States. In the western United States it may be necessary to 
supplement them with other regional field guides. 

To what extent does your study area fulfill the general conditions of 
forest edge? What is the relationship of man to the area? What evidenceti> 
of humaii influence and activity do you find? What do you think would 
happen to the area if human Influence were removed? Do you think that 
there are any animals that may live in or frequent the area that your 
study has not shown? How do you think you might learn about these? 

Many of the plants and animals that are found in urban waste areas are 
not native to North America. They were introduced, mainly from Europe. 
Some of the plants are garden escapes; others are commonly called "weeds". 



4 . 



There li no good term for the animals in this group, but sometimes they 
are called "campfol lowers". See iX you can find out which of the plants 
and animals that you have found are Introduced species. Why do you 
think they are found in this habitat? 

Further Investigations ; 

Study other detached forest edge situations in tne same detailed fashion 
in which you have studied an urban waste area. Identify as many of the 
plants and animals as you can, and determine their relative numbers. Try 
to learn their relationships with one another so that you can see what 
makes the forest edge a biotic community. 

Study one or more of these habitats through an entire season, or through 
a whole year. What changes take place in it from the standpoint of its 
general aspect? From the standpoint of the plants in it? From the 
standpoint of the kinds, numbers and activities of the animals in it? 

Study a forest edge community at the edge of a woods in the same way. 

What differences do you find between (a) the urban waste area, (b) 
other kinds of detached forest edge communities, and (c) forest edge 
at the edge of a forest? What are the kinds and relative importance 
of human influence in each? Can man be considered a member of the 
biotic community? 






»lnf ry latAomhipa : Ctopummitieg and BnvlronaenfX Factors 

on Tour School Oround 



Introduction ; 

Mo matter bow fimall or barren your school ground may be, you may 
find a wide variety of physical conditions in various locations within 
it. Of course, if your school ground is large, with varied kinds of 
landscaping and plantings, there will be an even greater variety. These 
physical conditions help to determine what plants and animals are found, 
and the extent to which irJiey are able to be active, grow, and multiply. 
It is not neyasary to use elaborate equipment in order to describe 
meaningfully the variety of conditions that exist on your school pro- 
perty. Cayful observation with tools that you have at hand or can 
yadily devise will enable you to collect significant data and make 
valid comparisons. 

Mquipment and Materials ; 

Yard stick 

Wooden stalses 

Thermometers 

Light meter 

Hand water sprinkler 

Cylinders made from tin cans with both ends removed 
Watch with second hand 
Pointed pencil or wooden dowel 

Small piece of woolen cloth or piece of hollow shoelace, with 
the end tied to form a small sac. 

Rubber band 
Candle 

Procedure ; 

Stake out plots ona yard square in as many diff ercmt kinds of locations 
as possible. . The number of plots will depend on the variety of locat- 
ions that you can find in your school yard. For example: 

1. Center of grass plot away from shade trees 

2. Near the trunk of a very large shade tree 

3. Edge of grass plot near shrub border 

4. Within shrub border 

5. Unshaded area where grass has been killed by trampling 

6. Unshaded area of bare ground that has been cultivated, so that 
the surface soil is loosened 

7. Area near the foundation of the building on the north side, 
that is shaded for most or all of the day 

8. Area near the foundation of the building on the south side, 
that is exposed to sunshine for most of all of the day. 

Examine each of the areas that you have chosen. Teams of students nay 
work together, xn a team, the same person should be ysponsible for 
testing any particular environmental factor in all of the plots. Why? 



Xn collaboration with Dr. Beth Schultz, Department of Biology, Weatera 
Michigan university. 
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atudv the following phyelcel envlronaentel lectors in each of the 

clear, eunrtiln, da, for your observation.. Ksep 

records on a chart such os the one suggested here. 

1 Soil hardness. See how far into the soil you can 
_. 4 ntad nencll or a wooden dowel. Try several places in each Plot* 
»y?^s‘bare soil harder or looser than soil 
Oiws the kind of vegotaUpn have anything to do with 1« o 
^ferences In soil hardness In as much detail as you cui. What 
you tell about the texture of the soil? 

o Snii Darmeablllty: Use a small Juice ciwi with both ends 

removed, pish^ls cylH^r down tli^itly sgalnst or 
■Oil surface Do this in such fashion that no water can leak out 
:«in^ Sri;«o?^e^es. Fill the can with w^er ^ s^-vel 
in each plot. Using a watch with a SjffewSt 

it takes for the water to soak into between hardness 

for different plots. Why? Is there a relationship between narones 

and permeability? 

3. Temuerature at soil surface. Pl«=e a thermometer with ^e hulh 
•t the surf a^ of the soil, 11 thTplot Is “ 

from the sun. Leave the thermometer In place for five minutes before 
reading it* 

4, Humidity. ®>ls factor Is difficult to meas^e In so small^ 

Ml area. The i S St accurate measurement of humidity Is 

SycSometer. What is the nature of this „itts7 

work? Why Is It not possible to use It In your study plots? 

for vour purpose use two thermometers, one of which has a small P^«®® 

S w~”n‘^^h fastened around the bulb with ® ^ 

sac made of a section of shoe lace pulled over the _ 

covering of this thermometer. Lay both thermometers side y ^ 

X Ss luJt at the surface of the study ^1*^“.“: 

until the temperature on each stabilizes. J ^ 

between tbe dry and wet bulb temperatures? « vew 

bulb depression. A great dlHoronce Indicates that »radlant 

dry. A slight dlfferenoe Indicates high humidity. There g 

^eeu the two eztremes. Why Is the wet bulb temperature lower? 

Relative humidity Is ezprossed as a percmt, md f®*®“^®^ 
standard tables on the basis of tbe wet 

humidity, determined In this way. Is more accurate **®"J*® "®* 
depression, but the wet-bulb depression gives you a ro^ 
o/relatlve humidity. What advantage would there ®°"a 

tbe thermometers rapidly through the air, as *®' 

in a sling psychromoter? To what eztent do you think that fanning^ 

ihe thermometers gives you this same advantage? ™»y *>«» 

cool the air when It occurs? You may wish to Investigate **** ***° 

Idea of relative humidity further. What can you find out about It? 

S Light. Measure the Intensity of the light with a ptotograpblc 
light ietiPibat IS the unit of me««»e».nt for light? the 

intensity of the light to other factors that you "aasure. ^ * 
factors IS light intensity relat«l? TO what iMJtors does It to be 

irrelevant? 




6. Air movenant. Detemlna th® dirdction of the wind es it blow® 
ageinet your face. Light m candle, and by obaerving the behavior of 
the flane, eatimate the force of the wind— atrong, moderate, light, 
none— (a) at the level of your head, (b) one foot above the ground, 

(c) aa near to the aurface of the ground aa poaaible. Record the (c) 
reading on your chart. Ooea it differ from the (a) and (b) reading®? 

If ao, to what extent? Why? 

7. Precipitation. You will have to record thi® over a longer 
period. The aimpleat rain gauge is a atraig^t-aided can. Cut the top 
out of a fairly large fruit or vegetable can. When you place it in 
your plot, bo sure that the aides are at right angles to the ground. 

Why? Bo sure also that the can is placed firmly on the ground, so that 
it will not be easily overturned. If you prepare a sufficient number 
of cans, you can put one in each of your plots. There may not be much 
variation in the amount of water that reaches the ground in the 
different plots, but some may occur. Prom the standpoint of good 
sciehtific procedure, the possibility of variation should be checked. 
Why? 

Leave the can in the plot for a week, measuring the amount collected 
in inches and fractions of inches as soon aa possible after each rain 
or shower. Calculate the total. Leave the can for a longer period. 
Again calculate the total. Compare your results with the regional 
rainfall for the same period, as reported by the nearest local weather 
station. How much do your results vary from the regional rainfall? 

Why do you think this variation may have occurred? 

Simulate the effects of a hard rain on the surface of each plot by 
sprinkling a given amount of water from a sprinliling can held three 
feet above the surface. :Be sure to leave your rain guage in place while 
you do this. How much "rainfall” did you produce? What differences 
do you observe in the effect of heavy rainfall on different types of 
surfaces? What about the effect of vegetative growth of different 
kinds? What conclusions can you draw with regard to soil erosion? 

8. Animals. Note munbers and kinds of animals where it is possible 
to observe these. What about larger animals that would pass through or 
over the plot without aff<acting it? Can you obsen'e any of those in 
the general area? What about signs of animals, such as damaged plants, 
tracks, or droppings? 

9. P lants . Note the kinds of plants present in the plot, the 
number of^inds, and the number of each kind. If you wish to collect 
a leaf from each kind of plant for later identification, it is ail 
right to do so. What about larger plants (trees, shrubs, etc.) that 
shade your plot, or whose leaves or seeds fall on it? What influence 
do these have? Is this influence the same at all seasons? Do they 
affect ahimals and other plants that live in the plot? How? Why? 



Conclusions : 

What are the major differences in the physica:i conditions of the 
plots? What are the major differences in the inhabitants of the 
plots? How are the inhabitants related to the physical conditions in 
each case? If you found some of the same kinds of plants and animals 
in more than one plot, did they differ in size) and form? If so, how 
and why? 






V 



Were some kinds ot plants and animals more tolerant ol habitat differ- 
ences than others? What effect do you think this might have on the 
abundance of such species if they were studied over a large area? On 
their ability to live in different geographical areas? What is it 
about these organisms that enables them to survive in the places where 

you found them? 

consider a few of the plants and animals that are more limited in their 
distribution. What in it about them that enables them to survive where 
you found them? What limits them to the kinds of places where you 

f cfjnd th^? 

What is meant by mlcrocUmate? How is It 

(macrocllmate)? Do the microclimates ol your plots diller? How? 

Do they diller Irom the general mecroclimate ol the region? How and 

to what extent? Compare your plots on sunshiny and cloudy dayh. 

What dillerences do you lind? Which ol the physical lactors that you 
have studied are allected? Which ones are not? 

Further Investigations : 

Compare your plots throu^ all ol the seasons ol the sc^l 

^s this tell you about seasonal change in plant-animal communities? 

Project your llndings on a continental scale. How 
geomaphi^ly? How do you think this geographic variation in 

^Id allect microclimates in the various '®f ^ 

plants and animals lound in some regions, and not in otters? Are some 
organisms essentially continent-wide in their distribution? Mint 
organisms? Why is this so? 

Which ol the kinds ol plots that you have studied “i****,*® 
to be routtly equivalent to overgrazed range or pasture? What kinds 
ol human pressure are exercised to hold down the natjwal ^®®® °^®“ 
ol plant-animal eommunitles in your school ground? What is their 
ellect? What would happen il these human Inlluences *®*'® 

Fence oil a small portion ol the school ground, and see what happens. 
Keep a record of developments over a period of years. 

What slgnlllcance do your llndings have lor you? How do they ^®^P J®" 
to undentand your environment? Can you think ol any practical sppll 
cations that your' findings might have? 






Introduction: 



There is bird life in the qan-pounded hearts of our cities if we 
look for it and if we free ourselves from prejudice against the birds 
we find there. They are less beautiful, but Just as interesting in 
their habits and habitat relations as the more colorful birds of the 
suburban backyards, parks, and other semi-natural areas, and those 
found in forests, forest edges, meadows, and fields. City birds are 
a part of nature, too. They are members of the man-dominated plant- 
animal community of civilisation, of which man himself is a part. Even 
though they are not very pretty, and are sometimes dirty, they may be 
admired for their ability to survive and flourish under conditions where 
other birds cannot . survive. And ability to survive under conditions as 
they are, is the measure of success in evolution in any place and time. 

These city birds are available for everyone to siki. Let us look 
at then, and see what we can find out about them. 

Materials , Equipment , and Setting : 

The setting is man-created; streets and buildings, such as are 
characteristic of the city center: the business area, shops and 
apartments, and some public buildings. There may be small areas of 
school grounds, churchyard, and public parks. 

A pair of field glasses will be a useful aid, but are not a 
necessity. Bird feeders and bird feed will make your observations more 
extensive and interesting, but all you really need to do is keep your 
eyes open, and see the birds around you, and observe their activities. 

Most of the birds you see are very common and easily identified. 

You will see a few that you will need to look up. You Jhould have a 
-copy of Roger Tory Peterson’s, A Field Guide to the Birds , published 
by Houghton Mifflin Company, Boston. This bird guide is useful in 
North America, north of Mexico and east of the Rocky Mountains. Other 
similar bird guides, are available for other areas where you mi^t be. 

Many of the city birds are the same wherever you go. Why is this? 

Procedure : 

Walk throu|^ the area that you have chosen to observe. Do so slowly, 
alone, or if with others, do not talk. Look and listen carefully. Do 
this several times, at different periods of the day. Repeat your obser- 
vations on other days. Record your observations in detail. 

What birds do you see? How many different kinds? How many of each 
kind? What are they doing? Where do you see them? On or around build- 
ings? In trees? On the ground? Are the different species seen alone or 
together? Perching together? Flying together? Feeding together? What 
kinds of sounds do they make? 

Does time of day have anything to do with the number you see, or their 
activity? Do numbers and activity have any relationship to weather? 

What about season of the year? 






Put up a bird feeder, or scatter feed on the ground or pavement in 
a snot where you have observed bird activity. Expensive feed is not 
necMsary. Ground corn or dried bread crumbs will do. Sunflower seed 
will be eaten by some birds. A piece of suet attached to a tree limb 
or shrub will attract some kinds. What birds do you see feeding. Do 
they feed together? Is there any evidence of antagonism or rivalry 
between the different species? Do you observe any species around your 
feeding station that you did not see before? 

What is the origin of the species of birds which inhabit the city 
center? How many of them are native American? How did the ones whic 
are not native get to this country? How did the species which are 
native American adapt to the presence and activities of man? Why are 
some birds (native and introduced) more common in the city than other 
birds? What is their relationship to man? What would happen to them 
if man were taken away? 

Further Investigations : 

Choose another area of observation in a partially open, wooded 
section of a large park, away from buildings of any kind. Observe 
b^'rds in the same way and for the same length of time as the city 
center. What species do you see? How manyikkinds are there? Are any 
species the same as in the city center? Unless you are very well ac- 
quainted with a wide variety of si cies of birds, you will need a bird 
guide (Peterson or some other) to identify some of them. 

Are birds more or iess numerous in the semi-natural area than in 
the city center? What are the different species doing? What are their 
relationships with one another? What are their relationships to their 
habitat? With environmental factors such as weather? With the time o* 
day? What are the changes in kinds, numbers, and activity that <.ccur with 
the seasons? Were there similar seasonal changes among the birds of the 
city center? Why or why not? 

compare the open forest or forest edge habitat with the habitat of 
the city center. What are the differences? Are there any similarities? 

Why are some people prejudiced against birds like the English 
sparrow, the starling, and the pigeon? What do you think about it? Are 
other birds "better” than these? What makes one bird better than 
another? What is the difference between "good" and *bad birds? Good 
and "bad" insects? "Good"and "bad" plants? What makes an animal or 
plant "good" or "bad"? Why? How much validity is there to such Judg- 
ments? 






Interrelated Processes in the Human Envtromnent 



Introduction ; 

Hodem man depends on a great number of activities and processes in living 
sucessfully in the complex environment tdiich he has created for himself. He 
has come a long way from the time when he hunted for his food or produced it 
himself, drank from springs and streams, and disposed of his waste materials 
directly back into the environment. 

All of these methods worked very well when man's numbers were few. As his 
numbers have increased, and he has come to live closer together and in larger 
groups., they have worked .less well, and new, more complex, grpu£ methods have 
been devised for dealing with these problems with greater efficiency. These 
include methods for food production and processing, water supply and waste 
disposal, on a mass basis. Individuals in our urbanized world, who live their 
entire lives without being directly concerned with the carrying out of these 
activities, depend on others to do these things for them. 

All of us, however, are concerned with the problems occasioned when a dry 
season or a late freeze interferes with some items in our food supply, and 
when the water supply is reduced as a result of lower than normal rainfall. 

We are concerned when strikes in food processing industries make certain Iteum 
teaq>orarily unavailable in the market. And we should be concerned with the 
larger problems of planning for the use of land and other natural resources 
in such a way that our use will be in harmony with the orderly processes 
which take place in the natural world. 



Procedures ; 

It is possible to approach some of these problems within the framework of 
a science course ^ planning field experiences pairs , to observe related 
phases of human activity necessary to modern living. The two trips, considered 
together, give students an opportunity to see and understand some of the com- 
plexities and interrelationships that are involved. 

It is necessary to deal with the matter of surveying the trips and planning 
them carefully. In planning them, there should be more depth to the activity 
of the group than simply telling them to "see this", and then "look at that • 

A set of questions should be prepared related to what is to be observed. These 
questions should be presented to the group orally by the conductor. Members 
of the group should then be encouraged to ask questions, not necessarily ^ 
limiting these to questions that can be answered directly. The conductor s 
questions should stress relationships, and the students' questions should be 
led in a similar direction. 

Planning the trips, of course, includes such matters as administrative 
clearance, freeing the class for the extended time spans necessary (usually 
half -days, although in some cases shorter periods may be sufficient) and 
arranging for the trips with the people in charge of the facilities to be 
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visited. Also such matters as transportation, permissions, 

number of adult conductors must be seen to. These problems will vary locally. 




A trip to see the origin of a city's water supply is followed by a trip to 
the city's sewage disposal plant. These relationships are seen most clearly 
in the water supply and sewage disposal operations of a s^ll city, 
cated by the Industrial use of water and the production of industrial wastes, 
but some portions and aspects of them can be seen in any town or c ty, oweyer 
small or large, where problems of water sujpply and sewage disposal are dealt 
with on a municipal rather than a private basis. 

It is sometimes possible to see the recording of water use (outflow) oyer a 
typical 24-hour period, and to correlate this with a recording of sewage inflow 
over a similar period. It is also sometimes possible to correlate fxuctuations 
of both water use and sewage inflow with general human activities over t^e 
24-hour period: when people get up, eat breakfast, lunch, dinner, and gu to 

bed, since all of these activities indirectly involve increased water use. 

Other types of activities, such as week-end washing of automobiles and evening 
lawn-watering, can sometimes be correlated tilth water use, if not with sewage 
inflow. 



Other Possible Pairs of Field Trips : 

Other posslbllllles include trips to see the origin and processing of par- 
ticular kinds of food. These will necessarily vary with the agricultural and 
other activities of the area. Some of th^ - are: (1) a trip to a f arm tmere 

beef cattle or hogs are fed, followed by a trip to a meat processing plant; 

(2) a trip to a dairy farm, followed by a trip to a milk processing plant; 

(3) a trip to a grain farm followed by a trip to a bakery; (4) a trip to a 
fruit farm followed by a trip to a cannery or other fruit processing plant. 

Still other possibilities involve the production and processing of natural 
resources other than food. These can be worked out in areas where they are 
available. 



Fur ther Cons ider at ions ; 

If you have worked out previously the laboratory experience involving the 
pond infusion succession, what relationship do you find between the changes t a 
go on in it and the process of water purification in a reservoir? Between the 
changes in it and the process of sewage disposal? Any pair of field 
you may have taken enabled you to look at only two of a long seri££ of related 
processes. Irlhat processes went on before you got your first look ? Between 
your first and second "looks”? After your second "look"? What further trips 
might enable you to see more of the processes in the same series? What about 
the same questions in relation to pairs of trips in other series? What about 
interrelationships between different series? To what extent do all of the 
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activities involved in modem urban living constitute an Inseparable netvork 
of interrelationships? What about interrelationships between the network 
of human activities and the network of activities in the natural world of 
plants and animals? Can the two networks be really separated? What is 
conservation? . 















Inf rreXfttiofa<hip» Involving Sinplo Hu»nn Inporloncii* 



Introduction t 

No two peoplo ever really perceive the same things. This is because 
they have different backgrounds of experiences which influence the way 
they look at the world. This can be shown by the rfactions of the menbers 
of a group of people to even the simplest things. 

sometimes it is possible to discover why people react to things in 
the way they do by giving them. an opportunity to talk about it. In this 
way, they will relate their reactions to a very wide range of experiences 
that they have had, to knowledge that they possess, to their interests, 
aptitudes, abilities, and ideas. The relationships thus brought to light 
in any individual, and in a group of which the individual is a part, may 
well spread across many fields of hpnan activities and knowledge. 

Sources of Mat erials : 

A beach having small stones on the surface, or 
A gravel pit or rock quarry, or 

A railroad track with small stones or gravel for ballast, or 
Any other similar location 
Procedure : 

Note: This extperience may be carried on with a group of any size up to 

about 30. It will not work with a single individual, since a 
certain amount of group activity in the form of comparison of 
experiences and discussion is a necessary part of it. Up to a 
i 'point, the larger the group, the more effective the experience. 

1. The teacher should tell the students that they are each to select a 
stone from the surface of the selected area. They are to select one 
that appeals to them for any reason at all. ^^or the experience to 

be most effective, the motives should come e^*itirely from the students. 
The teacher should be careful not to suggest possible motives such 
as "pretty,” "interesting," et cetera. 

2. The group should walk slowly over the surface, and should select their 
stones after some deliberation. An individual may pick up and discard 
several stones before finding a single one which he wishes to keep. 

3. When all of the individuals in the group have each settled on a single 
atone, the group may return. to the classroom for comparison of their 
selections and discussion of them. Tiie teacher may initiate the dis- 
cussion with such questions as, "How many colors do we have represented 
here?" "How many different shapes do we have represented here?|| 
there a predominant choice of one color (or shape) over others? Why? 
The members of the group should be allowed an optimal amount of time 

to compare their selectins and discuss them freely with one another. 

♦in collaboration with Dr. David McKay and Dr. Earl Weiley, Wayne State 
University, Detroit, Michigan. 







a 



4. MMb«rf of tho froUp ihould now bo nfkfd to toll why thpy nolectod 
tho ntoiMi thoy did. They ohould alio b# aikod if thoy hkvo notn a 
•ton* aaloctod by aono othar wanbar of tha group that thay would 
ratbar hava had if thay had found it, and why, Ihara i« «uch to ba 
aaid for tha davalopmant of purpoaefulnaaa, aa wall aa raapact for 
individual diffarancaa, in that aach atudant will co«a up with a 
final choica of hia own, growing out of and enlarging hi# own ax- 
parianca. Tha nathod of ahowlng and coMMinicating ia aapacially 
import ant. 

5. Each individual ahould now ba. aakad to think of what quaationa ho '/u 
would liko to aak about hia atona, or thaatonaa balonging to othara. 
What kinda of thinga would ha Ilka to find out about than? What 
kinda of thinga could ba dona with than? What uaaa could ba nada 

of than? Whara could ona find infomation about thaaa thinga? At 
thia point tha taachar ahould faal fraa to auggaat quaationa at 
varioua lovala: 

a. Ihoae to which anawara can raadlly ba givan 

h. Thoaa to which anawara ara not known, but can ba found 

c. Thoaa to which naithar atudanta nor taachar know or can find 

tha anawara 

d. Thoaa to which nobody now knowa tha anawar 

Quaationa f 3 ron tha atudanta ahould ba ancouragad at all four of 
thaaa lavals. 

6. Tha group ahould now conaidar what fialda of knowladga hava bean 
called into use in connection with the quaationa aakad on the baaia 
of tha atonaa. Hava thaaa involved acianca? Art? Litaratura? Any 
othara? What intarrelationahipa exiat among thaaa fialda aa ahown by 
tha group* a conaidaration of tha atonaa? Could you a tart with a 
aingla atone, and ultimately uaa all of tha intallactual raaourcaa 

of a broadly educated paraon? How? Why? 

7. How have tha clasa select a single atone by means of a "contest” in 
which "candidates" ara put forward, discussed on tha basis of varioua 
criteria, and finally ona is selected by majority vote. A "runoff" 
vote between the two top candidates may ba necessary. How a chart 
should be constructed listing all the questions that might be asked 
concerning tha winning stone, all the areas of knowledge that min^t 

ba touched by the questions, and the intarrelationahipa between differ- 
ent areas that hava been pointed out or are possible. . Tk® taachar 
may participate freely in this final portion of the experience aa ’ •* 
leader of discussion, questioner, and resource paraon. The items 
for the chart may be listed on the blackboard, but will probably 
outgrow a single boardful. 

8. Min^t cross lines be drawn showing interrelationships between tha 
items listed on. the accompanying sample chart? 

Further Investigations ! 

Tha experience nay ba repeated, asking tha students to select any 
natural object in tha immediate invironmant othar than a stone. The 
range of possible interrelationships will thus ba vastly increased. 
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Sample Chart Showing Some of the Relatlonshlpa 
that Might Be Worked Out by a Class * 

O 

*Adapted from a chart prepared for an art class by Dr. David McKay, Wayne State 
University. 









Idea of Wecessary Interaction of He redity and Environment 

1. Idea-Bridges ^Nature or Nurture?” 

2. Liiboratory Experiences s 

a« ”Plants and Soil Nutrients” 
b» ”Plants and Light” 

c« ”Human Characteristics; Heredity or Environment? 






Nature or Nurture? 



When we speah of a characteristic as being ''caused by heredity" or 
"caused by environment", what do we really mean? Wo are quite willing 
to recognise that heredity plays an Important role in domestic 
animals and plants. This is true of both .the "good" characteristics 
(those that we like and wish to perpetuate) and the "bad" ones (those 
that we do not like and try to get rid of through selection). We 
recognize, of course, that environment plays a part, too. We feed our 
livestock, train our horses and dogs, and fertilize our fields. We 
know that heredity and environment necessarily must interact, and we 
behave accordingly. 

When we consider the human species, however, we do not always behave in 
this way. We like to think that "all men are created equal", 
regardless of their physical differences. Even though we know that not 
all people are equally educable, that they have widely differ! ng potent- 
ialities and abilities, we like to think that people, in the final 
analysis, are what their environment makes them. We would like to 
believe that people have really free choice to make whatever of their 
lives they wish to make. 

Can either heredity or environment act alone? We recognize that physical 
traits are inherited: eye color, height, body build, curly and straight 

hair. But are even these due entirely to heredity? A boy inherits the 
potentiality of growing to be 6 feet tall. In his fifth year, however, 
he is very ill, and that year he grows only half his normal increment. 

He never regains the half-inch that he did not grow in that particular 
year. There is a time mod a place for each step in development. A 
potentiality lost is not made up later. His adult height is only 
5* Hi" 

Is this true of eye color also? It could be. A child Inherits the 
potential for dark brown eyes. The formation of the dark pigment 
(melanin), however, might require the availability in the food of a 
particular chemical trace element. Just as the formation of the hormone 
tbyrosin requires iodine in small quantities. If this trace element were 
not present in adequate supp).y, the dark pigment would not be formed 
in the quantities or for the length of time that the child* s heredity 
would have permitted. Therefore, the color of the eyes 
would be something less than dark brown. 

The traits that we would like most to believe are environmental rather 
then hereditary in their origin are mental abilities and personality 
traits. These are the areas where it is important that people be 
"equal". Society can do something about them through education and 
improved environment and make itself better in the process. 

It is difficult, however, to see how even these traits could develop 
from environment alone. Any behavioral trait is dependent ultimately 
on the nervous system and/or the endocrine glands. It has to have a 
physical basis in the microscopic anatomy and cellffiar physiology of 
these body systems to exist at all. When we ask what kind of basis, 
we come finally to the structure, size, number, arrangement, and 
chemical composition of the nerve cells and the secreting cells of the 
endocrine glands. All of these characteristics are based ultimately on 
heredity: waht the individual starts out with. 



What the individual atarts out with may be, and probably . 

by (1) the embryonic environment, (2) the environment of childhood and 
youth, and (3) the day-to-day environment in which the person lives. 
Nevertheless, environment cannot create a trait from nothing. 
has to have something as a bails on which to work. Likewise heredity 
cannot operate in a vacuum. It has to have an environment in w c 

to work. 



Plipta and Soil Kutrlenta 



Introduction : 

The American frontier ceased to exist as a pajor factor in our national 
food production in the teen and twenties of this century. At that 
time the last of the original grasslands that were eres marginally 
suitable for the growing of agricultural crops were plowed. Indeed, 
some of the prairie land that had been plowed then should not have 
been plowed at all. With the coming of the dyy years of the thirties 
(1930-1936) a kind of desert called the Dust Bowl developed. This had 
disastrous results for crops* livestock, and humans. 

In spite of the passing of the frontier, however, American agricultural 
production has increased steadily when permitted to do so. This has 
been due, in part, to the development of strains of corn and other crops 
which possess superior heredity. But it has also been due in part to the 
development of knowledge and practices having to do with the use of 
fertilizers. Thus our increased agricultural production has been based 
on a combination of heredity and environment. 

We can see the interaction of these two factors in development by 
watching corn and bean seedlings grow. 

Materials and Equipment ; 

6 flower pots, 6** in diameter 

Soil 

Sand 

Balanced garden fertilizer 

Teaspoon’ measure 

Corn grains 

Bean seeds 

Foot rule 

Graph paper 

Dissecting microscope or hand lens 
Biology or botany textbook 






Procedure: 






Before filling the flower pots, as directed in (1) below, place 

a email stone or a shard from a broken pot over the hole in the 

bottom of each pot* This will facilitate drainage. Then fill 

each pot to within an inch of the top. 

1. Fill two of the pots with eand, two with ordinary garden soil, 
and two with garden soil to which a teaspoonful of a balanced 
fertilizer has been added. Measure out the two potfuls of 
soil for the pots to be fertilized. Pour the two potfuls into 
a larger container. Add two teaspoonfuls of fertilizer, mix 
thoroughly, and divide the fertilized soil evenly between the 
two pots. 

2. You have provided three different kinds of environment in 
which to grow corn and bean plants. Plant two grains of 

corn in each of the three kinds of pots. Plant two bean seeds 
in each of the three kinds of pots. Xf both grains of corn 
or both bean seeds grow in a pot, remove the last one to 
germinate or the weaker one. 

3. You may assume for purposes of this laboratory experience 
that all of the grains of corn possess essentially the same 
hereditary make-up. You may make a similar assumption for 
all of the bean seeds. Any differences, therefore, which 
appear in the growing plants may be assumed to be due to 
environment. 

4. Place all six flower pots in a well-lighted area (natural 
daylight if possible, but not necessarily direct sunlight), 
keep the plants at room temperature, and water them regular ly^ 
Keep the soil moist but not wet. Many small waterings are 
better for plants than a few large ones. 

5. How long does it take the seeds to germinate and grow to a 
point where they break through the soil? Do the com grains 
or the bean seeds develop first? Do all the seeds of each 
kind break through at the same time? 

6. Take this opportunity to examine the internal structure of 

a corn grain and a bean seed. If you soak them in water for 
24 hours they are easier to dissect. What stuuctures are 
alike in the two? What structures are different? Why? 

Examine a longitudinal section of each seed with a low power 
dissecting microscope or a hand lens. Distinguish the different 
parts. Look up the names and functions of these seed parts 
in a biology or botany textbook.. 

7« Measure the greatest height <froo the soil to the tip of the 
longest leaf, held upright for measurement) of each of the six 
plants at the same time each day. Record the measurements of 
each plant on a sheet of graph paper. You may want to try to 
put the records of all three corn plants on one sheet, and 
the records of all three bean plants on another. If you 
can do this it will be easier to compare the growth rates of each 
kind of plant in the three different environments. 
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8 Measure and record data on all six plants for at least *<>“*• 
weeks after they break through the soil. l»hat are the results 
at the end of ttis period? How nuch difference has envxronmant 

made? 

9, Which is the more important in this case, heredity or environ 
ment? Could either one have determined the ® 

plant without the other? Without the basis furaished by 
heredity (assumed to be the same in this case for all P ^ 
of each kind) what would environment have had to work on? 
is the relative importance of heredity and environment the 
same in the case of the bean plants and the corn plants? Is 
it the same for all characteristics of each kind 
or are some characteristics influenced more by heredity ana 
Others more hy environment? 

Further Considerations : 

Carry on the experience lor a longer period if you can do so. Does the 
°Mect of environment Increase with a longer time 

Mmain about the same? Why? Try the same experience with other kinds 
of plant^ Are the results comparable? If the results are different, 
why do you think this might be so? 



p"Ts . ,-n.rrt .Turi: 



Plant! and Light 



Introduction ; 

« , — oont»ln the ereen pigment chlorophyll. This pigment is able 

trrap?!l“ the energy of sunlight 

dioxide and water the plant either for manufacturing 

containing coKpounds which can b „w>*Ainfl nucleic acids) or as 

other ^®g^“J““Liy?ng’on the physical and chemical 

riI^rt.~uV«: ^““n^y^rcSlSioa^: -uf.lture of food 

is called photosynthesis . 

1 ra/>i r>wi Afis Plants such as mushrooms, molds and 

Animals like ourselves, and “ „„ the food materials which 

fats as foods. Life on earth depends basically on t p 
photosyntheiis . 

some strains of 

:r^rgonT^e“r:drt“a^ ".a U 

jjvirraTa^ksfter:^^^^^ pi«t -^»j®:rrthriocr^^^^^^^ 
fsiirrwkrirstorir^e 

gene for absence of <®^f®s^e«for^^le to persist in a 

i^reTsrck^^rieirgTarrLd a»g with a «ene^^^^ ®“°SSsf 

rani: sr :i::ur 

Green plants generally possess ®"J® iSe'fS^W ^tmportw’”’^^^' 

These include yellows, reds, and purples. In the fall in tw ^ ^ 

climates the green pigment breaks "J «g„t^ coloration" 

i:“;eiri:ai:sVefore they are f ««>• !“ ““ C "iow'* 

and purple “® P”®®“* *® »uf ^ave “«ed plants ahd even 

through ®™®° ® nhieh vellow' red and purple coloration is mixed with 

Their colorf are also determined by hereditary factors, 
in this laboratory experience you 

the operation of hereditary color factors in plants grown i 
amounts of lights 



I 
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Materials and Equipment : 

12 flower pots, 6** in diameter 

Albino corn grains (These can be obtained from General Biological 
Supply House, Inc, , 8200 South Hoyne Avenue, Chicago 20, 
Illinois, or other biological supply company.) 

Normal corn grains 

Rooted cuttings from Coleus plants showing as many colors as 
possible (These can be obtained locally from any greenhouse. 
Coleus is a common potted house plant. It is often called 
simply "foliage plant".) 

Millimeter rule or foot rule 

Procedure ; 

Before filling the flower pots as directed in (1) below, place 
a small stone or a shard from a broken pot over the hole in the 
bottom of each pot. This will facilitate drainage. Then fill 
each pot to within an inch of the top. 

1, Fill 12 pots with garden soil. In four of them plant three 

grains each of albino corn. In four of them plant three 

grains each of normal com. In each of the remaining four, 

plant one rooted cutting of Coleus , Take the cuttings from a 
a plant showing as many and as bright <^jolors as possible. 

Take all four cuttings from the same plant. Why? (Cuttings 
will normally root in ten days to two weeks if placed in water.) 

2, Place one pot of each kind of planting in each of the following 
four environments with respect to light: 

a. Direct sunlight (as of south window) 

b. Indirect daylight (as of a north window) 

c. Partial light (as of a north window) 

d. Total darkness (as of a closet) 

3, Keejt the soil moist but not wet. Be sure that all pots are 
subjected to the same conditions of temperature. 

4, Observe all of the pots daily. Record any data which appear 
to be significant, 

5, How long does it take the corn seedlings to break through 
the soil? Is there any difference in this respect between 
the albino corn and the normal corn? Is there any difference 
in either type of corn between pots exposed to different 
conditions of light* 
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6, Wh*t about tht rato of growth of tho com aeadlinga 
(both types) In different conditions of light? 

7, Is there any difference In the extent of developnent of 
green plgnent In the normal corn under different conditions 
of light? Why or why not? 

8, How long does the albino corn live? Is there any difference 
in tho tfoe of its survival under different conditions of 
light? Why or why not? 

The potentiality for development of green pigment or the lack of it is 
a part of the heredity of the corn plants. What is the role of environ- 
ment in this case? Is it possible for the heredity of the corn plant to 
produce green pigment without interaction with the environment? To 
what extent is this possible, if at all? Why or why not? Is it 
possible for the environment of the corn plant to produce green 
pigment without interaction with heredity? TO what extent is this 
possible, if at all? Why or why not? Is it possible to determine 
in the case of the development of green pigment in the corn plant, 
which is the more important, heredity or envoronment? Which do you think 
is the more important? Why? 

9, Is there any difference in the rate of growth of the Coleus 
plants under different conditions of light? 

10, Does the amount of light have any effect on the development 
of pigments in the Coleus plants? Is there any difference 

in the effect of the amount of light on the different pigments, 
or are all pigments affected in the same way and to the same 
extent? 

11. Devise hypotheses to explain any differences which you have 
been able to observe in the Coleus plants grown under different 
conditions of light, or the lack of differences. Do this in 
terms of the interaction of heredity and environment. Which 
do you think is the more important in this case? Could either 
have functioned without the other? 

Further Considerations s 

Try the effects of other environmental factors on the Coleus plants. Does 
fertilizer have anythiofi; to do with the development of pigments? How 
about temperature? 

Secure a specimen of a plant having leaves showing green and white, mosaic 
patterns. Try growing cuttings from this plant under different conditions 
of light. Does amount of light have any effect on its growth? Try other 
environmental factors. Do the white areas differ in size under the influence 
of dlfffrent environmental factors? Do you think it might be possible 
to sot up an environment sufficiently favorable that the white areas 
would disappear altogether? What is the method by which the mosaic 
pattern of leaves in inherited? 



Human ChTacterlatlca: Haradlty or Envlroiunant ? 



Introduction ? 

There are some human characteristics which are readily recognized as 
having a hereditary basis? eye color, curly hair, facial features, height 
and body build, for example. Others, such as susceptibility to dieease, 
are less widely accepted as being related to heredity. Still others, 
including personality traits, general mental ability, and various special 
aptitudes, are thought by many people to bo largely, if not wholly, duo 
to envlroument. 

In this laboratory experience we will examine a physical trait, and a^ 
ourselves if environment could in any way influence 

we will examine a trait of behavior and ask ourselves if it could have 
a hereditary basis, 

and EquipiPOPt i 

No materials or equipment are ncecssary for the first part of this 
laboratory experience. For the second part the following are necessary’ 

Filing cards, 3** X 5" 

Tags 

Scissors 

Envelopes 

Millimeter rule 



Procedure : 

The inhorltance of eye color In humans is ordinarily presented as 
btfed on two kinds of genes or hereditary determiners: brown and blue. 

There is a single pair of those, B>e pair may consist of two brown ge e , 
two blue genes or one brown and one blue. The brown gene is stronger 
than the blue, and is dominant over it when the two are present *®^*^'* 
Therefore two browns or a brown and a blue will produce b~"“. Jbile Wo 
blues will produce blue. Although there is no guostlon ttat this pair 
of genes exists, and furnishes the principal basis for the determination 
of eye colors, is this the whole story? 

The color of the eyes in humans is due principally 

Sis is a dark pigment which is found also in hair and skin. In rtl pelple 
except albinos (those who carry a gone for total absence of 
melanin is deposited in the iris of the eye from a point in emb^onlc 
development to an end point which differs in individuals. Sometimes the 
process of deposition is completed before birth. Sometimes it continues 
well into childhood. Heredity serves to determine the rate and tlmlng 
of the process of pigment deposition. Darker eyed persons are those in 
whom the process went on faster and/or for a longer time. 



1. Observe closely the colors of the eyes of all members of 
your class. Is It possible to classify all of them as either 
”brown” or ”blue”? Try to put them into the smallest possible 
number of color groups consistent with reality. How many 
color groups are necessary? Try out your color groups by 
attempting to classify the same number of persons outside your 
class. Do you find any Individuals who do not fit into any of 
the groups? If you do, you will need to revise your classific- 
atlon, and possibly create a new color group. Continue to 

try out and revise your classification until you are sure that 
you can use it to classify any person whom you might meet. 

2. Now line up the members of your class in such a way as to form 
an eye-color gradient, from the person with darkest eyes to the 
person with lightest eyes. Can you draw a line between 
”brown” and %lue" on the gradient? Where does ”brown” stop 
and "blue” begin? Is there a gradient within the brown range, 
and within the blue range (some darker and some lighter)? 

What about the color groups which you have identified between 
brown and blue? 

3. Bo you think that a single pair of brown-blue genes is 
sufficient to account for human eye color? Would it be 
possible with a single brown-blue pair to have colors 
other than one shade of brown and one shade of blue? One 
possible explanation would be the existence of modifying genes 
(intensifying genes and diluting genes) . Another would be the 
influence of the environment, modifying the action of a 
single pair of genes. Which do you think is the> most likely 
explanation? Why? 

The second part of the experience has to do with the development of a 
simple skill. 

1. A simple puzzle should be prepared for each member of the class. 
All puzzles should be made according to the same pattern. 

Each one consists of a 3" X 5” filing card cut into 10 
pieces. (This is the same kind of puzzle that was used in the 
laboratory experience entitled A Simple Learning Curve . ) 

The 10 pieces into which the card is cut should be approximately 
the same size, and of as many shapes as possible. The cuts, 
however, must all be along straight lines. It is best to draw 
lines (lightly with pencil) to Indicate the cuts before doing 
the cutting. The pieces of each puzzle should be placed in 
an envelope and given to the students, but neither pieces nor 
envelopes should be marked in any way. 

2. A series of numbered tags, beginning wijbh (1), should be 
prepared, equal to the number of students in the class. ' These 
should be shaken up, and each member of the class should draw 
a number. This will determine his participation in the first 
series of contests. 
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3, Student® will conteet In pairs. As many pairs may contest at 
a time as thet^are umpires to watch them. Students who are 
not contesting at a particular time may serve as Wires. In 
each contest the student who gets the pumale together first is 

the winner. 



4 , Each student will contest three times in each series ^**^®^** 

For the first trial, the pairs numbered (1) and (2), (3) and w, 

(6) and (6), (7) and (8), and following, will contest. For the 

second trial, numbers (1) and (3), (2) and (4), (5) and (O, ( ) 
and (8), and following, will contest. For the third trial, numbers 
fl) and (4). (2) and (3), (5) and <8), (6) and (7), and following, 
will contest. Students losing all three of the contests will retire 

from the game. 



5. The numbers should be collected at this point. The remaining 
students who are still in the game will draw new numbers in a 
aeries beginning with (1). They will repeat the process, each 
contesting three times in the same numerical order as before, 
using the same puzzle. Again the three-time losers will retire 

from the game. 

6. Additional contests following the same pattern will continue 
until all students except one have been eliminated. This 
remaining student will be declared winner. If more than one 
class group has been engaged in the same laboratory experience, 
the "champicn” of one class group may contest with the champion 
of another. This may be done if the same puzzle has been 

used in both classes. If different puzzles have been used, 
the situation would not bo comparable. Why not? 



How is this laboratory experience like competition 

politics? How is it different? Is success in these fields 

on inherited ability? Or is it entirely « matter of 

If a part of it is based on good home background, how much of this, in 

turn, is due to inherited ability in the family llno<P 



How much do you think inherited ability had to do with wiping 

contest? How much do you think environment had to do with it? Wha 

kind of hereditary factors, if any, could have been operating? 

you think evvlronment could have operated to contribute to 

Which do you think was most Important, heredity or environment? Why? 



Further Consldf rations : 

What about other human traits; Susceptibility or resistan^ to respira- 
tory disease? Heart disease? Cancer? Mental 

personality traits: High temper? Antisocial traits? Criminal tendencies? 

What about special abilities: Musical ability? Artistic ability 

Mechanical ability? Mathematical ability? Facility with languages? 

To what extent do these traits and others like them have a hereditary basis? 

To what extent are they due to environment? Is it Jl^Lditv 

traits of this type to develop without some interaction of both heredity 
and environment? Does the relative importance of heredity and environ- 
ment always have to be the sane in the case of different traits? 




Idea of Di fferential R.|t«s Proces sea 



1, Idea'-Bridges ^Development of Form Through the Operation of Differential 

Rates of Processes” 

2, Laboratory Experiences j 

a. "Development of a Chick Embry®” 

b, "Development of a Bean Plant” 

c, "Differential Growth Rates in Humans” 

d. "Differential Rates of Processes in the Development of the Landscape” 



Development ot Form Through the Qperatloh oi Differential Rnteg of Proceeees 



If a city is growing through the developmeet of residential suburbs on 
the southwest side, in the directioh of the prevailing wind, and growing 
more slowly or remaining stntic in other directions, it will not be long 
until the demand for new School!^ , new sewers, new water lines, new 
arterial Streets and highways, and pressure for the sale of new products 
in the southwest Section will change the whole geographic balance of the 
urbah area* i^rthermore the map will show a large bulge of urban 
development on the southwest side. The shape of the city on the map 
will have changed. 

If a business enterprise finds that one particular line of its products 
is growing rapidly in popularity and sales volume, while other lines 
are increasing less rapidly, remaining static, or even showing a loss, 
it will not be long before the major effort of the company will be 
diverted to the popular line, and the whole aspect of the business will 
be changed. If you discover that you do exceptionally well in science 
and mathematics, and less well in English and history, you will probably 
take all the science and mathematics courses you can get, and take only 
as much English and history as is required. You will probably major 
in science and mathematics in college and go into scientific research 
or teaching, or some science- related profession. The whole future course 
of your life will have been determined by your aptitude and growth in 
a particular direction. 

Differential rates of increase affect the development of populations and 
plant- animal communities. A species does not usually become extinct through 
all of its members in a particular generation being killed off or 
starving to death or dying of disease. This can happen, but usually it 
does not. More frequently a species becomes extinct because over a 
period of many generations it multiplies less rapidly than other species 
that are its competitors. Even if many of the mature individuals of a 
species are killed, this alone is not usually a cause of extinction. It 
would be difficult to make house mice or English sparrows extinct, no 
matter how many mature individuals were destroyed. Those that were 
left would multiply rapidly and fill the gap. 

The faces of continents are sculptured by differential rates of the 
rising of mountain ranges and the sinking of coast lines. These processes 
interact with differential rates of erosion and deposition, and wear down 
mountains and build deltas and alluvial pla ns. On a smaller scale 
in both space and time differential rates of some of these same processes 
can be seen at work in any eroded field. 

Differential rates of growth play a major role in the development of 
animal embryos and the shaping of plant bodies. The arms, legs, head, 
general body proportions, and most internal organs in animals, and the 
leaves, branches, flowers and various special structures in plants are 
formed by differential growth rates. Many of the characteristics that help 
to determine an individual's appearance depend on differential rates of 
physiological processes. An example is the depostition of colored pigpnents 
in ©yes, skin and hair. Some differential rates continue throughout 
life. Compare the body form of an old person with that of a young 
person of the same sex. The differences that you see are the result of 
differential rates of processes that have operated slowly but steadily 
through the years. 



The Devloppent of a Chick Embryo 



Introductlon t 

The chick is standard material for the study of embryonic development 
in a vertebrate. The early stages of all vertebrate embryos are similar, 
and the chick embryo is easy to work with and observe,. Furthermore, 
its incubation period is short (three weeks). By starting a series of 
eggs incubating at the same time, and opening one each 
possible to see the progressive development of body form. This is par 
icularly interesting during the first four or five days of development. 
During this period the basic body form Is attained and the major organ 
systems begin to take shape. After this, the remainder of embryonic 
development is largely a matter of growth in size, and changes in t;ne 
relative proportions of body parts. 



The sculpturing of the embryo, both externally and internally f 
place because the cells in a particular area multiply faster and/or for 
longer time then the cells in surrounding areas. Therefore, the 
rapidly growing cells **pile up’ . 



This results in a limited number of growth forms. Cell growth generally 
takes place in layers. Vlhen cells in a layer grow faster or longer at 
one point than at surrounding points, the resulting cell proliferation 
may take the form of a pocket inward , a pocket outward, a fold* ® 
thickening, or a mig ration of the newly formed cells into 
These fi^ processes result in the formation of noses, ears, arms and 
legs, fingers and toes, the shape of the head, the shape of the ^ y» 
and other sculpturing of the external form of the embryo. Internally, the 
same growth forms result in the formation of liver, lungs, stomach, 
pancreas, kidneys, reproductive organs, brain, the internal portions of 
the sense organs, heart, blood vessels and blood, and other internal struct 

ures. 



Other developmental processes depend on the formation of specific 
chemical compounds, such as the pigment melanin that darkens hair, eyes 
and skin. Here the rate at which the pigment is secreted and the 
length of time during which it is secreted determine how dark the hair, 
eyes and skin become. The dark-complexioned, dark brown-eyed person, 
with dark brown or black hair, is one in whom the formation of 
proceeded faster and/or for a longer time than in the person with lighter 
brown or blue eyes, light brown or blond hair, and fair skin. 



The results of the operation of differential growth rates can be 

seen readily in the developing chick embryo during the first few d^s of 

incubation. 



Materials and Equipment ; 

Incubator capable of maintaining a temperature of 103 degrees Fahrenheit 

Fertile chicken eggs (These can usually be obtained from a hatchery. ) 

Low power, wide field dissecting microscppe (A hand lens may be used, 
but it is less satisfactory.) 



Syracuse watch glasses 
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Dlssectlng scissors with sharp points 

Prepared slides, whole mounts, of 24 hour, 48 hour, 72 hour, 96 hour 
and 120 hour chick embryos (While the experience can be carried 
on without these, they add greatly to it.) 

A textbook of biology or embryology containing labeled pictures or 
diagrams of chick embryo whole mounts* 

Procedure : 

1. Place fertile hen's eggs in a standard egg Incubator (103 
degrees Fahrenheit). Start a minimum of 15 eggs. This will 
Include three eggs each for the 24 hour, 48 hour, 72 hour, 

96 hour, and 120 hour stages. Starting three eggs for each of 
the stages you wish to observe allows a margin for infertility 
and mistakes in technique. Remember that although we speak of 
"stages", the development of the embryo is a continuous process. 

2. Open at least one egg at the same time each day for five days. 
These eggs will represent the developmental stages indicated 
above. To open an egg, proceed as follows: 

a. Place the egg to be opened in a Syracuse watch glass. 
Ordinarily, In the early developmental stages, the embryo 
floats on top when the egg is laid on its side. 

b. Bore a small hole through the egg shell with the sharp point 
of a pall* of laboratory scissors, a little to one side of 
center as the egg lies, 

c. Then, with the scissors, cut an oval window about one inch 

across through the shell on the side of the egg lying upper- 

most. 

d. The oval piece of egg shell that is removed may be placed 

at the side of the egg in the watch glass to wedge it and hold 

it steady for observation. 

3. Observe the freshly-opened embryo each day with the unaided eye, 
and with a hand lens or a low power dissecting microscope. It 
is Interesting to note that in observing living chick embryos 
with the unaided eye, you are following in the footsteps of all 
of the early embryologists from Aristotle (In the 400*s B.C. ) 

to William Harvey (in the 1600*s A.D. ) They likewise incubated 
eggs and opened one each day to observe its development. 

4. Compare the living embryos at each incubation stage with stained, 
Biounted specimens of the same stage. Look up the names of the 
structures that you see in a biology or embryology textbook. 
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Note particularly thoae structures which can be seen in the 
stained specimens that are visible in the living embryos also. 

In general, what would you say as to the time of appearance of 
particular structures in the stained as compared to the living 
specimens? Why? 

What is the earliest structure that is visible in the living embryo? 
At what stage do you see it? 

When does the beating heart first appear? At what stage can you 
see the heart structure in the stained embryo? Look up the 
stages of the development of the heart in a biology or embryology 
text. Explain the formation of the heart in terms of different- 
ial growth rates. 

Note the progressive development of body structures along the 
embryonic axis (the head- to- tail axis of the body). Which end 
of the axis develops most rapidly? Note the appeai'ance of brain 
and sense organs. At what stage do they appear? Compare the 
living and stained specimens In this regard. Read about the 
development of nervous system, brain, and sense organs in a 
biology or embryology text. Explain what you have seen and 
read about it in terms of differential growth rates. 

Note the development of wing buds and limb buds. Again 
compare stained and living specimens. Explain in terms of 
differential growth rates. 

Note the twisting of the body to one side, beginning at the head 
end. At what stage does this begin? In what position is the 
embryo lying on the yolk in the early stages? In the later 
stages? Why do you think this takes place? Explain how it takes 
place. Explain how it takes place in terms of differential growth 
rates. 

Note the growth of the yolk sac out over the yolk. Read about 
the development of the yolk sac and other extra-embryonic 
membranes in a biology or embryology text. What is the 
function of the yolk sac? Of the other extra- embryonic membranes? 

Read in a biology or embryology text about the development of 
liver, lungs, pancreas, and other Internal organs. How are the 
blood vessels and blood formed? What is the role of differential 
growth rates in the formation of internal organs? 

Identify in your study of the de.velopment of the embryo, the 
occurrence of inpocketing, outpocketing, folding, thickening, 
and cell migration. Which of these processes took place in the 
formation of each of the structures that you have observed or 
studied about? 
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Further Investigations ; 

Follow the development of the chick through to hatching. This usually 
takes place on the twenty-first day of incubation. Note in particular 
the growth in size and changes in body proportions that take place 
after the fifth day. Account for these in terms of differential 
growth rates. 

Study the stages in the development of a human embryo in a book on 
human embryology. If a collection of preserved human embryos is 
available in a museum to which you have access, observe these. Compare 
with the developmental stages of the chick during the first five days. 

On the basis of the length of time that it takes a human embryo to 
develop (10 lunar months of 28 days each), what ages of the human embryo 
would correspond to the five stages of the chick that you have studied? 
Compare them at these points. 

What is the evolutionary significance of the yolk in the eggs of chickens 
and other birds? Do any other animals have larg^yolked eggs? How can 
the eggs of humans and other mammals develop with only a minute amount 
of yolk material in the egg? 

Within the last few years there were news stories concerning the effects 
of a drug, thalidomide, which when taken by the mother during a particular 
period of pregnancy, caused babies to develop with defective arms and 
legs. In terms of differential growth rates, what do you think was the 
probable action of this drug during the development of the embryo? 
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Development of a Bean Plant 






Introduction: 



The same basic growth processes take place in both plants and animals. 
Cells divide by the process of mitosis, involving an equal distribution 
of the materials of heredity from a mother cell to two daughter cells. 
Cells, however, do not always divide at the same rats. The growth rates 
of various portions of the body of a many celled plant or animal are 
under the control of chemical substances called enzymes and hormones. 

These are produced by the cells themselves. The production of these 
substances is, in turn, under the control of hereditary factors. 

As a result of the operation of differential growth rates, where one 
portion of the body of a plant or animal grows faster and/or for 
a longer time than the surrounding parts, the body form is sculptured. 
Branches, leaves, and flowers; arms, legs and head take form. 

In this laboratory experience you will have an opportunity to observe 
the growth of a common plant from this point of view. You have seen 
plants grow all your Ixfe, but you have probably never thought about 
their growth in this way. 

Materials and Equipment ; 

Flower pots, 6" in diameter 

Garden soil 

Bean seeds 

Millimeter rule 

Graph paper 

A biology or botany textbook 
Procedure : 

1. Plant one bean in each of three six-inch flower pots, filled 
to within one inch of the top with garden soil. 

Note ; Before filling the pots with soil, place a small stone or 
shard of broken pot over the hole in the bottom of each to 
facilitate drainage. 

2. Place the pots in a warm location in good light. Water regularly. 
Keep the soil moist but not wet. How long does it take the 

bean seedlings to break through the soil? Do all three break 
through at the ame time? Keep a record. 

3. How does the break-through take place? Describe the behavior and 
growth of the seedlings in terms of differential grow^ rates. 



^In collaboration with Miss Paula Peck, student in the Biology Department, 
Western Michigan University, 





4. What are cotyledons? Look them up in a biology or botany 
textbook. Is their unfolding a matter of growth through 

cell division or some other process? What is the first structure 
to develop after the unfolding of the cotyledons? Describe its 
development in terms of differential growth rates. 

5. Measure developing leaves at the same time each day with a 
millimeter rule. Record measurements to the nearest millimeter. 
Measure the leaves from the time of the earliest appearance of 
the leaf until growth ceases. Measure both length and width of 
each leaf. Keep a record on graph paper of the successive 
measurements of each leaf. Measure and record measurements of a 
large enough number of leaves to answer the following questions! 

a. Do all leaves grow at the same rate? 

b. Is the rate of growth in length and width of leaves the 
same? 

c. Do the proporti.ons of different parts of the leaf change 
from the time of its appearance until its growth is 
complete? 

d. Does it take all leaves the same length of time to 
reach their final size? 

e. Is the final size attained by all leaves the same? 

Set up a hypothesis to explain any differences that you find in 
the growth of different leaves, and different parts of the same 
leaf, in terms of differential growth rates. 

6. Measure the height of each of the three plants every day 
(from the soil to the tip of the uppermost leaf, held upright). 
Record the measurements of each plant on a sheet of graph paper. 

Are there differences in the overall growth of the three plants? 

Set up a hypothesis to explain you observations. 

7. Seven days after planting the seeds measure the height of the bean 
plant which is growing most rapidly. Carefully mark the stem of 
the plant at Intervals of 1 centimeter. Measure and mark the plant 
every 5 days. Do the marks all remain 1 centimeter apart, or 

does growth alter the distance between them? Does growth appear 
to occur at the same rate over the entire length of the stem? 

Do some parts grow while otfeors do not? Can you find a point 
of most rapid growth on your plant? Where is it? Set up a hypothesis 
to explain your observations. According to your hypothesis would 
initials carved on a tree get farther from the ground as the tree 
grows taller? 

8. Measure two branches on each plant, and keep a record of the 
growth of each branch each day. Measure from the main plant 
stem to the tip of the outermost leaf held parallel to the 
branch. Is there a difference in the rate at which branches 
grow? On the same plant? On different plants? 
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of plants in general? 



Further Considerations ; 

Crry on s»o ^^0'°“ 
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Observe the growth processes involvea In «>® “* ‘ 

Explain these in terns of differential growth 



Differ#ntlal Growth Raf • In Huians 



Introduction s 

Wo know individual humans* better than we know individuals .among .other 
animals. Also man is more variablo than most other species of animals. 
Therefore we are very conscious of the physical differences that 
distinguish humans from one another. These include body size and shape, 
skin color or complexion, eye color, hair color, shape of face, size and 
shape of nose, and other differences. 

These characteristics develop as a result of the operation of differential 
rates of growth and other processes. The cells in one area of a developing 
individual grow faster and/or for a longer time than the cells in 
surrounding areas. Because of differential growth, the total proportions 
of height and breadth of the body come to differ in different individuals. 
Arms and legs are formed, and fingers and toes on the ends of them. 

Chemical substances such as melanin (the pigment which produces dark 
color in eyes, hair and skin) are produced more rapidly and/or for 
longer time in one individual than in another. As a result of all of 
these differential rates operating over the period of development, the 
form and appearance of individual humans is sculptured, and various 
distinguishing characteristics are formed. 

In this l^aboratory experience you will have an opportunity to observe 
some simple examples of differential growth rates and their results in 

humans. 

Materials and Equipment ; 

Graph paper 
Plain paper 
Millimeter rule 
Filing cards, 3” X 5” 

Procedure ; 

1. Measure the growth of your finger and toe nails over a period of 
time. Record the growth of the nail on each finger and toe on 
both hands and both feet on graph paper. Students may work in 
pairs if desired, with one to grow nails and the other to measure 
and record. Proceed as follows: 

a. Trim each nail as short as possible for the start of the 
experience. 

b. Measure the length of the nail from the cuticle at its 
base to its upper edge. Use a narrow strip cut from a 
3” X 5” filing card. Mark the length of the nail as 
accurately as you can on the strip with a sharp pencil. 

Use a fresh strip for each measurement. 

c. Measure the marked length on the strip of card with a 
millimeter rule. Record the measurement to the 
nearest full millimeter. 
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d. Measure the length of each nail once a week, on the aaiae 
day each week* 

e. Continue the experience tor ee ineny week* ae you 

The longer you do eo, the more interesting your result* 

will be. 



2. Try to answer the following questions; 

a. Do all of your nails grow at the same rate? 

b. Do your toe nails grow at the same rate as your finger nails? 

Do the nails on the right and left sides of your body 
(finger and toe) grow at the same rate? 

d. Do all of the nails on any one hand or any one foot 
grow at the same rate? 

g. Explain any differences you find in terms of differential 
growth rates. 
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Compare your results with those obtained by other members 
of the class. Are there differences between the growth rates 
of the nails of different individuals? Between boys and 
girls? Between children and adults? 



4. Draw outline profiles of the noses of ten adult men or 

women. Try to find as many different nose shapes as possible 
Do the same thing for the noses of ten children your own age. 
In which group do you find the greater differences? Why? 
in development, do all parts of the nose grow at the same 
rate? Explain the differences in the shapes of noses that 
you have observed in terms of differential growth rates. 



5. Look at your face in full front view in a mirror. Are the 
two sides of your face alike? With a piece of stiff paper, 
cover first the left side and then the right side of your 
face. Are there any differences between the two sides? 

Imagine each side extrapolated to make a complete face. 

Would you be *'two people"? Which side do you like the better? 
Explain any differences between the two sides in terms of 
differential growth rates. 



Further Inves ti agtions ; 

Observe other differences in a series of human subjects: 
lencth of fingers, shape of head, general body build. Explain these 
iHe^rof dwJeUntlal growth iates. Explain the differences in body 
proportions of man and women in terms of differential growth rates. 



Differential Ratea of Proceaaea th£ Davalopment of Landacape 



Introduction s 

Not only the form and appearance of living things » but also the form of 
the landscape is shaped by differential rates of processes. In the case 
of the landscape many of the processes go on over very long periods, in 
some cases centuries, even thousands or millions of years. In some 
eases however, we can see them going on around us on a small scale if we 
look for them. 

Sand dunes are formed by the wind, and their shape may change over a 
single season, due to the direction of the wind, breaks in the surface, 
or the presence of barriers to the force of the wind. Streams tend 
to erode their banks on one side and deposit sediment on the other, due 
to the diversion of the current toward one side or the other. 

In old drainage patterns this process of differential erosion and 
deposition causes streams to develop meanders that wander back and forth 
across broad, flat valley floors. 

Erosion cuts more rapidly into softer material than into harder 
material, thus sculpturing the surface of the land. Some rocks, like 
limestone, erode rapidly. Others, like granite, erode very slowly. 
Sometimes you can see the effects of. this differential erosion on a 
stone if it is made of different kinds of materials. 

Once you have this idea as part of your thinking, you can continue 
to observe the effects of differential rates of processes in the formation 
of the landscape wherever you go. At this time you can see some small 
examples. 

Materials and Equipment ! 

A series of dirt piles of various ages, such as you might find 
around a construction project 

A field or road cut, in which erosion has taken place, or is 
actively taking place 

A strvoam with banks of mud or sand 

A stream with a rocky bottom 

Procedure : 



1. Observe the process of erosion on a dirt pile, or in a field 
or road cut. Is erosion oecuring at the same rate in all 
places? If it is not, see if you can figure out why it is not. 
Oonsi;^er degree of slope, relative hardness of material, 

and any other factors that are apparent. 

2. Find a rock or pebble on the side of an eroded channel. What 
effect has it had on the erosion process? 

3. Find a place where the force of the moving water has been turned 
aside by an obstruction. How has this affected the rate and 
direction of the erosion? 
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4. Observe a stream with banks of mud or sand. Do you see any 

indications that erosion is going on on one side and deposition 
on the other? Correlate this with the direction of flow of the 
main current of the stream. See if you can find any other 
reasons for the differential erosion and deposition that you 
observe. What do you think will eventually happen to the 
course of the stream? What are o:^bows? Oxbow lakes? How are they 
formed? How is it possible to distinguish a stream that belongs 
to an old drainage pattern from one that is part of a young drainage 
pattern? What kind of drainage pattern is characteristic of the 
area where you live? Is it old or young? Why do you think so? 

How old is it? What is the history of it? 

Obsex*ve a stream with a rocky bottom. Do you find any evidence 
that some of the rocks in the stream bottom have eroded more 
rapidly than others? Are they all the same kind of rocks? Is 
the differential erosion due to variations in the force of the 
current? If so, what caused these variations? What are potholes 
in the bottom of a rocky stream? Do you find any? How are 
they formed? Do you find any round stones? What has made them 
round? See if you can find any stones in which difference in 
hardness of the materials of which they are formed has kept them 
from becoming completely round. Can you identify any other 
factors that might be responsible for their shape? 

Further Investigations ! 

Set up an experimental area on your school ground with a dirt pile containing 
atones and other possible obstructions to erosion. Observe this dirt 
pile undergoing erosion for a sufficiently long period for differences 
in rate to show themselves. What conclusions can you draw as a result 
of your observations? 

As you travel, watch for the operation of differential rates of processes 
in landscape formation. Try to project them into the future and figure 
out what the landscape will ultimately come to look like as a result of 
their continued action. How long do you think it will take? See if you 
can find any differential rates of processes in operation other than 
the ones that have been pointed out in this laboratory experience. 

If you are near a sand dune area along the shore of a large lake or the 
ocean, observe the effects of the wind on dune formation and shape. In 
what kinds of places is the sand being blown away by the wind? In what 
kinds of places is it being deposited? See if you can figure out why 
these processes are happening as they are. Explain the form of the dunes 
area as you observe it in terms of differential rates of wind erosion 
and deposition. What is the relationship of what you are seeing 
here to streamlining in the designing of automobiles and airplanes? 

What is a wind tunnel and how is it used? Why do space ships and 
satellites not need to be streamlined? 
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1. Idea-Bridge: ''lliinking About Tbola as Be tensions oi Han's 

Body and Its Capabilities” 

2. Laboratory Experiences; 

♦a. "Extending Man's Body with Tools” 

♦b. "Extensions of Man's Body: Simple Machines 

c. "Extensions of Man's Body: ^ Complex Machines and Utili- 
aation of Outside Energy" 

♦d. "Extensions of Man's Body: How They Have Evolved” 




instruction, Lading, Michigan, 1965. 
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ThlPkln^ About Tools as Extensions of 
Man *8 Body and Its Capabilities 



In the aeries of laboratory experiences which this statement introduces, 
we will be using the word "tool” in seweral related but different ways. 

Ve hare to do this because there is no other word in the language which 
says exactly what we want to say, and we do not feel that we would be 
contributing to your understanding of the idea that we are trying to 
present by inventing a new word, (Scientific terms, in many cases, are 
such invented words.) 

We have to use the word "tool" to refer to certain simple devices which 
man uses in his works hammers, saws. Jacks, scissors, erowbars, et 
cetera. Most of these are adaptations of one or more of the simple machines 
that discovered and began to use very early in his cultural develop- 
ment. We again use the word "tool" to refer to certain much more com- 
plicated devices such as typewriters, draftsman's tools, microscopes. 

These are what we mean when we say that a secretary,^ or draftsman, or 
laboratory technician, or other kind of specialist knows how to use 
the tools of his trade". 

In these laboratory experiences we also use the word "tool* in a much 
wider sense, simply because there is no other word that will get the Job 
done. A "tool" in this sense is anything that is used to solve a prob- 
lem, or to meet a challenge posed by the environment. It is any kind of 
device or expedient, physical, social, or mental, which enables man to 
adjust to, utilize the properties of, or overcome his environment, where 
this is necessary for his continued existence, or for his continued 
success or satisfaction. We have now "sharpened” the word tool by 
giving it a special definition, (Scientific terms, in many cases, are 
such "sharpened" words.) 

Tools constitute extensions of man's body and its capabilities . This 
concept may be expanded to include the outside sources of energy that 
are necessary for the operation of the complex machines which are a 
part of modem civilization. The energy of man's body was first supple- 
mented by that of domestic animals, and later by that of wind, falling 
water, burning wood, fossil fuels, and now nuclear energy. The amount 
of outside energy utilized has increased progressively as machines have 
become more complex, and as the tasks for which they are used have 
increased in size and complexity. 

Tools can function as extensions of arms and legs, extensions of communi- 
cation organs and sense organs, and extensions of other capabilities, 
depending on the nature of the tool and the function for which it is used. 
Clothing and housing are tools that extend man's capabilities of living 
(or even surviving) in the face of particular kinds of environmental 
challenges. Spoken and written language are tools that extend man's 
capability of communicating in both space and time. Modern devices for 
rapid and long distance communication extend this capability still further. 
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Political and economic forms and systems are social tools that extend man s 
capabilities for living and cooperating in groups of progressively increasing 
size. Religious, philosophical and scientific interpretations are tools 
that* extend man’s capabilities for understanding, rationalizing, and adjust- 
ing to the nature of the environment in which he finds himself, and the 
universe which his increasing knowledge reveals to him. 



Anthropologists generally agree that the development of the ability to make 
tools marks the beginning of man as a species, and constitutes the major 
difference that sets him apart from his pre-human ancestors. Human evolu- 
tion has been characterized by a further and continual elaboration of this 
tool-making characteristic. Every tool has been created to meet a challenge 
posed by the environment. Man has adjusted to the challenges of his environ- 
ment through evolving tools, rather than by specializing parts of his body, 
as other animals have done, such as horses, birds, moles, and seals. 

It is this ability to make and evolve tools which serve as extensions of 
his body and its capabilities, to solve his problems by shaping and utilizing 
things outside himself, that makes mad MAN, and something different from 
and more than any other animal. 



Extending KiHiU, With 



Introduction ; 

A laboratory experience is any situation where there is a problem, and 
a tentative ^swer is being looked for. Usually this involves a great 
deal of doing, and think ing in connection with the doing . Here we have 
a different kind of laboratory experience: one that involves a great 
deal of thinking , and some doing in connection with the thinking , 

Man has many capabilities through the use of parts of his body. Any- 
thing which enables him to use these parts more effectively or to 
accomplish a wider range of activities, extends the capabilities of bis 
body and constitutes a tool. 

Materials and Equipment : 

Watch 

Two tin cans and a long string 
Sheet of typing paper 
Foot rule 

Procedure ; 

Mentally compare yourself or your neighbor with a four-footed animal such 
as a cat or dog. Now try to think of something that you can do that 
the cat or dog cannot do at all, not even to a small degree. Can you 
think of any such thing? Be careful, because you may fall into the 
error of thinking that the cat or dog cannot do something that |iou can. 
Simply because it does not do it in the way you do. For example, the 
cat or dog cannot talk, but ii can communicate to a limited degree, and 
talking is simply your way of communicating. What things can you do to 
a greater degree than the four-footed animal? What things to a lesser 
degree? What things about the same? 

Do you think the cat or dog can hear better than you can. What evidence 
do you have that makes you think as you do? How far from your ear can 
you hear a watch tick? Is the distance the same for both of your ears? 
Now mabe a paper funnel of a sheet of typing paper. Place it in your 
ear and try again. Can you hear to a greater distance than before? 

Has the paper funnel extended your hearing? Express the degree of 
improvement as a percent. 

See if you can similarly extend your speaking by using a can- and-st ring 
telephone. Punch a small hole in the bottom of each of two tin cans, 
connect them with a long string attached through the holes, Spsak 
into one can and have a partner listen at the opening of the other. To 
what distance is this device effective? Extend it as far as you can. 
Express the increase in the distance over which your normal speaking 
voice can be heard as a percent. 

Some four-footed animals have claws, and you do not, although your finger 
and toe nails correspond to claws. What items would you add to the 
list of materials and equipment that would enable you to scratch like 
a cat? To dig like a dog? Would these serve to extend your bands in a 
manner comparable to that by which the paper funnel and can-and-string 
telephone extended your hearing and speaking? How is the extension 
similar? How different? 
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Move a small object with the end of a foot rule held in your hand. How 
Is this extending? How is throwing a stone extending ? Think of other 
things that you can do that gre comparable. What devices do you use? 

Is driving a car extending ? What is being extended? 

Are all tools extensions of man's body? See if you can think of any 
tools that are not. Can a four-footed animal use tools? Do any animals 
other than man use tools? Do we have a real difference here between 
man and other animals? How is tool-using related to man's walking on 
bis hind legs? How is it related to his large brain? What do we mean 
when we say that man has a problenHSolvlng brain? Wh&t part do tools 
play in man's problem-solving? 

^0 write a definition of nan as distingulsted from other animals i 
using the ideas included in this laboratory experience. 



Extensions 0f ainple Mjchines 



Introduction: 



The complex machines on which civilization depends are essentially com- 
binations of simple machines powered by outside sources of energy. There 
are only a few of these simple machines. They were discovered by primitive 
man, very early in the course of his development of civilization. Most of 
them were in use at the time when he began to build his earliest cities, 
and they have continued to be used with increasing elaboration and com- 
plexity until the present. The following laboratory experiences are designed 
to help you understand the physical relationships Involved in these simple 
machines. These relationships make it possible for them to serve as 
extensions of man's body and its capabilities. 

Materials and Iquipment ; 

Yardstick (new, clean, and as free of knots and grain as possible) 

Ring stand with crossbar or other means for suspending the yardstick 
and supporting an inclined plane. 

Triangular file 

String 

Set of weic^ts up to 500 grams, or with combinations possible up So 
this amount 

Spring type kitchen scales (two or more) 

Laboratory balance 
Protractor 

Thy truck or other small wheeled toy, weighing at least 200 grams. 

Board, 2** x 8 feet long 

Board, l" x 6”, 3 feet long, with a small pulley affixed at one end. The 
theel of this pulley should be placed far enough beyond the end 
Of the board so that when the board stands at a 45 degree angle a 
string can pass around the wheel and descend perpendicularly without 
touching the end of the board. (If a small metal pulley is not 
availabld, a pulley can be constructed by mounting a wooden spgol 
on a spindle attached to a wooden frsMe). 





Spindle 



Spool 

.Trame 
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A. The Lever 
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Procedure ; 

(Note: Steps 1 end 2 may be omitted if the yardstick which was prepared 

^for the laboratory experience entitled MeAsurwient as an Expression of 

Relationship ; A Simple Balance used here.) 

1. With the triangular file, make a notch across the top of a yardstick 
at its exact midpoint. The notch should be deep enough to hold the 
string which will be tied around the stick. Using a piece of string 
about six inches long, tie it around the stick with the know lying in 
the notch. Leave the two ends of the string of equal length. Tie 
the ends together, and hang the stick from a support. Does it 
balance? Or is one end higher than the other? If so, why? 

2. With the file, make shallow notches across the top of the stick at each 
quarter-inch mark, from the midpoint to the end of each side. Be 
careful to make the notches straight across the top of the stick, as 
uniform in depth as possible, and each one exactly on the quarter- inch 
mark. Suspend the stick again. Is it as well balanced as before? 

If not, what do you think has happened? 

3. By means of a string, suspend a 100 gram weight from a point near 

one end of the stick. Then find the point at which a 200 gram weight, 
similarly suspended r must be hung on the other end so that the stick 
will rest in an exactly horizontal position. 

4 . The point at which the stick is suspended is called the fulcrum . The 
result of multiplying the weight on eahh side by its distance from the 
fulcrum gives a figure which is called the momeut of the force exerted 
by the weight. Find the moment of the force exerted by each of the two 
weights, "ihat relationship exists between the two moments? Why? 

5. Substitute a spring type kitchen scale for the 100 gram weight, and a 
500 gram weight for the 200 gram weight. Hold the scale in your hand 
and rest your elbow on the table in order to get a more accurate 
reading. Try various positions for both the weight and the scale. 

From the scale, determine the amount of force necessary , to balance the 
500 gram weight in each position. Replicate the experience with two 
or more spring type scales or compare your results with those of 
other groups. What is the margin of error that is involved? Keep 
this margin of error in mind when you are working with spring type 
scales in connection with other experiences. 

Your scale will probably be marked in ounces instead of gsams. look 
up the number <£ grams equivalent to an ounce. Use the gram equivalent 
for the number of ounces indicated. Calculate the moments in the case 
of all positions tested. Does the relationship which you found in 
step 4 hold consistently? Is there a margin of error? 

6. Substitute an object of unknown weight for the 500 gram weight used 
in step 5. Assuming that the relationship which you have found is 
consistent, determine amount of force exerted by this object. Weigh 
the object on the laboratory balance, is the weight consistent with 
the force? 
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7. Ililng a fulcrum reatlng oh tho itlOof) and li 2" x 4*' board 8 feat long 
aa a lover, raise objects of various weights. Determine the relation- 
ships involved in each case. 



The lever Is a simple machine. A small amount of force, exerted through 
a greater distance. Is able to accomplish work in the form of moving a 
weight which exe^tt* a greater amount of force through a lesser distance. 

A man, exerting only the force of his own bo^y» using a lever, can move a 
much greater weight than he himself represents. An ancient Greek mathe- 
matician said that If he had a lever of sufficient length, and a fulcrum 
on which to rest It, he could move the o^rth. A lever, therefore, may be 
thought of as an extension of man's body jand its capabilities. 

A lover consists of three parts. One is the place where the force (effort ) 
Is applied. The second is the fulcrum , the point on which the lover turns. 
The ihlrd is the place where the worlir Is done (resistance ). In a lever such 
as you have been using, the fulcrum lies between the effort and the resist- 
ance. This is called a lever of the first class. In a lever of the second 
class, the resistance Is located between the effort and the fulcrum. In 
a lever of the third class, the effott is applied between the resistance 
and the fulcrum. 
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Further Investigations : 

Set up examples of levers of the second and third classes, and see if the 
relationships which you have found for levers of the first class hold for 
these also. Can you think of coaoon examples of tools that utilize levers 
of each of the three classes? 

B. The Inclined Plane 



Procedure : 

1. Set up an inclined plane at a 45 degree angle, using a l” x 6 board, 

3 feet long, with a small pulley attached at one end. Use a rlngatand 
with a crosster or other means to support the raised end of the Inclined 
plane. 
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2. Thread a string over the pulley. Allow both ends of the string to hang 
perpendicularly. Attach a toy truck or other small wheeled toy 
weighing at least 200 grams, to one end of the string, and a spring 
scale to the other end. Holding the scale in your hand, determine the 
■mount of force necessary to lift the toy, as indicated by the reading 
on the scale. If the scale is marked in ounces Instead of grams, 
calculate the gram equivalent of the number of ounces indicated. 

3. Weigh the toy on a laboratory balance. Does the weight of the toy 
correspond to the force which it exerts over the pulley. 

4 . Now detach the toy from the string, and re-attach it in such a way 
that the string over the pulley will draw it up the inclined plane. 

5. Determine the amount of force necessary to draw the toy up the inclined 
plane, set at a 45 degree angle. How does the force exerted in this 
case compare with the force exerted when the toy was lifted perpendicul- 
arly? What is the relationship? Multiply the length of the inclined 
plane by the amount of force necessary to draw the toy along it. 

• Then multiply the height of tbs uppermost point of th« inclined plane 
by the moount of. force necessary to lift the toy perpendicularly. 

What is the relationship between the figures obtained in the two cases? 

6. Now adjust the inclined plane to an angle of 30 degrees. Determine the 
amount of force necessary to draw the toy up this less steep inclined 
plane. Compare the force exerted if khis case to the force exerted in 
the case of the 45 degree inclined plane and the perpendicular pull. 

What is the relationship? Again multiply the length of the Inclined 
plane by the amount of force necessary to draw the toy along it, and 
the height of the uppermost point of the inclined plane by the amount 

• of force necessary to lift the toy perpendicularly. What is the 
relationship between the figures obtained? Is the relationship the 
same as that found in the case of the 46 degree inclined plane? Why? 

7. Adjust the inclined plane to an angle of 15 degrees and detemmine the 
amount of force exerted in drawing the toy along it. Compare to the 
30 degree inclined plane, the 45 degree inclined plane and the per- 
pendicular pull. What is the relationship? Is it constant? Why? 

Again multiply the length of the inclined plane by the amount of 
force necessary to draw the toy along it, and the height of the upper- 
most point by the amount of force necessary to lift the toy perpendi- 
cularly. What is tt^ relationship between the figures obt;aintd? 

Compare to the 30 degree Inclined plane and the 45 degree inclined 
plane. What general conclusion can you draw? 

In the case of the lever, you found that a small amount of force exerted 
through a greater distance is able to accomplish work in the form of moving 
a weight which exerts a greater amount of force through a lesser distance. 

Can you see a similar relationship here? Can you express what happens in 
both cases in the same general terms? Try to do so. What is meant by 
mechanical advantage? How may an inclined plane be t h ought of as an 
extension of man's body and its ciq>abllltles? 

Further Considerations ; 

How are the wedge and the screw related to the inclined plane? Describe 
them in terms of the inclined plane. What common tools utilize the principle 
of the wedge? Of the screw? List as many exaiiq;>le8 as you can in the case 

of each. 
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C. Thd Wheel 



Procedur*: 



1 . 



Turn the wheeled toy which you have used upside down, so that it 
rather than rolls, or utilize an object of identical weight and similar 

size, but without wheels. 



a. Determine the amount of force, as measured by the spring scale, exerted 
in lifting the wheel- less toy or similar object perpendicularly, with 
the string operating over the pulley at the top of the inclined 
Compare this with the weight of the same object, weighed on the laboratory 
balance. Work out the gram equivalent of the reading on the spring 
scale as in previous experiences. 



3. S6W, using the spring scale, determine the amount of force in 

necessary to drag the wheel- less toy or similar object up the inclined 
plane at a 45 degree angle. At a 30 degree angle. At a 15 degree 
angle. Compare the amount of force exerted in each case with that 
exerted in moving the wheeldd toy in a comparable situation, obtained 
in your earlier experiences with the inclined plane. What do you think 
accounts for the differences in the amount of force exerted in noying 
the wheeled and wheel-less objects of the same weight up the indited 
plane? Was there a difference in the amount of force exerted in lifting 
the wheeled and wheel-less objects perpendicularly? Considering this, 
what do you think was the function of the wheels? 



4. What is friction? What are some of the means that have been devised 
to reduce it? Can it be eliminated altogether? Does it operate in 
connection with the movement of wind and water? With the rotation of the 
earth? With other kinds of motion in the universe? 



Further Considerations: 

U the wheel, considereO alone, a simple machine? What about the wheel when 
it is attached to an axle? What about combinations of wheels? Gears? 
Pulleys? What about a fixed pulley such as you have been using at the top 
of your inclined plane? It operates on an axle, but is not attached to it. 
What about movable pulleys, or combinations of fixed and movable pulleys? 



Can you express what happens in the operation of gears and pulleys in the 
same general terms that you used to express what happens in the case of 
levers and inclined planes? Try to do so. How may gears and pulleys be 
thought of as extensions of man's body and its capsbilitiee? 



Is the wheel, considered alone, an extension of man's body and its c^abili- 
ties? Is it a tool? What civilizations developed to a relatively advanced 

state without utilizing the wheel? 



General Applications ; 

Bring in toys, household tools, and other devices that make use of the 
principles involved in these experiences. Note that some of these devices 
are based on simple machines, while others constitute combinations of 
simple machines. Cite examples of simple machines and combinations of them 
from work, sports, and life experiences in general. 

the human body and the bodies of other vertebrates? What about the move- 
ments of insects? What about those of clams? 



Extensions of Man*s Body; 



Complex Machines and Utilization of Outside Energy 



Introduction ! 

Man has learned to supplement the energy which he is able to utilize directly 
in connection with his own body, xd.th additional supplies of energy from out- 
side sources. This outside energy has made possible the development and use 
of the complex machines that play such a major part in modem civilization, 
multiplying its productivity, but at the same time multiplying its problems, 
and placing constantly increasing demands on man to adjust to it. TOese 
machines are so much a part of our world that we tend to take them for 
granted, without realizing that they, as well as the simpler devices which 
preceded them in our cultural development, constitute extensions of our 
bodies and their capabilities. 

Man Is a tool maker, and the point in his development at which he began to 
make tools is generally considered to be the point at which he bec^ man. 
Now, because of the machines that he has made, we recognize that the environ- 
ment which will shape his future is becoming increasingly one of his own 

creation. 

In this laboratory experience we will examine the relationship of man s com 
plex machines (1) to the capabilities of his body, (2) to simple 
which have extended these capabilities, and (3) to outside sources of energy 
which make it possible for complex machines to extend these capaDillties 

still further. 



Equipment and Materials : 

A square of stiff paper 5" x 5*' 

Ruler 

Scissors 

Pin 

Lead pencil with rubber 
Glass bead or small button 
Cardboard fan 
Electric fan 

Some familiarity with a bicycle and an automobile 
Can-and- string telephone 

Some familiarity with telephone,, radia and television 



Procedure; 
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1. Construct a paper pinuheel: 

Use a piece of stiff paper, 5*' square. 

Draw two lines connecting opposite corners. If these are drawn care- 
fully, the lines will cross in the exact center of the square. 

On each of the four lines going out from the center, make a dot % 

from the center. ^ « 

Cut in from the corners of the square along each of the four lines 

until you reach the dots. ^ ,i.n . ..u 

Now bend in to the center each of the corners marked A in the 

diagram. - . 

Run a pin through the four corners and through the center of the 

Hount the pinwheel by inserting the pin into the rubber end of a 
lead pencil. Place a glass bead or small button between the pin- 
wheel and the rubber to reduce friction. 
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2. Blow on the paper pinwheel. See how rapidly you can make it run by blo^ng 
on it. What proportion of the time are you able to keep it in motion? Try 
cooperating with someone else. Can you keep it in motion, or make mnve 
faster, by working together? 

3. Now use a stiff piece of cardboard as a fan to create currents of air. /re 
you able to make th » pinwheel move faster or keep it in motion more nearly 
constantly by using the cardboard fan as a simple tool? Try it with two 
people using cardboard fans. Can you work more efficiently, either alone 
or as a team, using a simple tool than by using only your breath? W^at 
some of the lessons that primitive man learned about using tools, and about 
cooperation? To what simple machine is the cardboard fan related? 

4. Hold your pinwheel in front of an electric fan. Compare the rate and 
constancy of its turning with the results obtained by blowing on it, and 
by hand-fanning it. Can you arrive at any quantitative staten^nt (based 
on a rough estimate) of the difference in behavior of the pinwheel under 
the three comparahle • conditions? Try to do so . 
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You have now recapitulated the development of human effort (using a simple 
example to illustrate a much broader and more complex process) covering a 
period of perhaps 20,000 years. This has involved the following stages: 

a. Use of man's body and its capabilities 

b. Use of a simple hand tool 

c. Use of a complex mechanism, dependent on outside energy. 

See how far you can trace the source of the electrical energy that was used 
to turn your electric fan. What are some of the methods of producing elec- 
trical energy? Find out all you can about that happens when energy changes 
state. What is meant by conservation of energy? Does all of the energy from 
the original source ever reach the electrically-operated device (e.g. motor, 
light bulb, heating unit)? What happens to it along the way? Why? How 
efficient is an electric motor? An electric light bulb? (That is, how 
of the energy that actually reaches the device is turned into motion or light 

What happens to the rest of the energy? 

5. Now go through a similar series of steps in vour thinking, following a 
different line of mechanical development, using successively; 

a. Locomotion by walking 

b. Riding a bicycle 

c. Driving an automobile 

Note that in the case of the bicycle and the automobile you are dealing with 
complex machines which are combinations of simple machines. What simple 
machines are involved? In the case of the bicycle, however, human muscle 
power is used as an energy source, the same as in walking. In the case or 
the automobile, an outside energy source is substituted. Compare the dggree 
of increase in accomplishment in this series with that which you have observed 
in the simple case of the pinvdieel and the air currents. What is meant by 
“horsepower” in the case of an automobile or other type of engine. 

How much of the potential energy of the gasoline is actually converted Into 
motion by the automobile? What happens to the rest of it? Why does a small 
foreign car or a light American compact deliver more miles per gallon than a 
heavier car? What about accessories, such as power steering, power windows, 
power brakes and automatic transmission? Why? 

6. See how far away you can hear a watch tick. Now see how far away you can 
make yourself heard, speaking in a normal tone of voice. (The use of the 
watch along with your voice gives you an objective standard of comparison. 
Why do you need this? See below) 

7. If you have done the laboratory experience called Extending Man's BpdyJ J ^ ^ h 
Tools, use the can-and-string telephone that you made there. If not, make 
one by punching a small hole in the bottom of each of two tin cans, and 
connecting the two cans with a long string attached through the holes. See 
how far you can hear a watch tick through the can-and-string telephone. 

See how far you can make yourself heard, speaking normally. Try to arrive 
at a Quantitative statement , comparing the distances at which the watch 
ticking and the normal speaking can be heard without and with the aid of 
the can-and-string telephone. 



8. Now think of the vastly greater distances ovec which conmunlcatlon by 
voice is possible, using devices which depend on electrical energy in 
various forms: telephone, radio, television. When you do so, you have 

followed a third series of mechanical devices, again recapitulating the 
development of human effort through the same three stages: (a) use of 

man's body and its capabilities, (b) use of a simple tool, (c) use of 
complex mechanisms powered by outside energy. Can you think of other 
such series? 

Find out all you can about how the huiji^an voice is carried in the case of 
telephone and radio, and how both sound and picture are carried in the case 
of television. Note that a general principle is operative in all cases: 
transference of pattern . The sound wave pattern of the human voice (or 
other sound) is transferred to an electric current, radio waves, light waves 
or other medtuip In the form of a corresponding pattern. In some cases several 
successive transfers are made, involving a series of different media. Ulti- 
mately the pattern, superimposed on an appropriate medium, is sent out over 
a wire or broadcast, and is received and a sound wave pattern similar to the 
original is recreated by the receiver. Without having to know exactly how 
all of this is done, see how much you can find out about it. How "true to 
life" is the recreated sound? 

See if you can find a similar principle operating in the case of the record- 
ing and reproducing of sound in the making and playing of sound tapes and 
records. What is meant by "Hi-fi"? Why is it called that? What about 
loud speaker systems? How are they similar? 

In the case of television the picture is broken up into a series of horizon- 
tal lines ("scanned"). These lines, when "strung out" in succession, consti- 
tute a continuous series of points having varying intensities of light and 
darkness (or color differences). Thus they form a pattern which can be 
transferred, broadcast, received and put back together into the form of a 
picture. See how much you can find out about the process. How are picture’ 
and sound coordinated? How is television related to motion pictures? To 
ordinary photography? See if you can carry the idea of transference of 
pattern over to these. 



Further Considerations. 



Think of other applications of outside energy that make possible man's 
adjustment to the modern world which he has created. What about space 
travel? What forms of energy are involved in it? What forms of energy 
have been suggested for use in space travel over greater distances in the 
future? 

What about new energy sources to replace those that are being used up? What 
about fission energy of radioactive materials? What uses are being made of 
it now ana what additional uses are in sight? What about fusion energy? 

What are the prospects for its deve-lopemut 'and-control? What would develop- 
ment of a successful method . .of utilizing it do to the...world*s' energy, prospects? 






Extensions of Man*s Body; How They Have Evolved 



Introduction : 

With his development of the upright posture man began an entirely new kind 
of evolution. Because his upright position left his hands free for grasp- 
ing, he began to use tools. He adjusted to his environment and attempted 
to solve the problems that it presented by evolving tools, rather than by 
changing his body form. This has constituted a kind of substitute evolution, 
or evolution by proxy. 

Thus, instead of changing himself into a highly specialized running animal 
like the horse, he invented and evolved machines to do his rapid traveling 
(locomotive, automobile, bicycle and motorcycle). Similarly, instead of 
evolving, like the seal or walrus, into a highly specialized swimming 
animal, he invented and evolved various kinds of boats and ships to do most 
of his swimming. He evolved weapons instead of specializing his teeth and 
claws for defending himself, fighting and killing prey. He evolved airplanes 
to do his flying, bulldozers to do his digging, and even complex machines 
to do some of his remembering, calculating and thinking. The movement 
toward automation is a development of our time. Self-repairing machines 
may well be a development of the future. 

We have evolved a bewildering variety of tools for dealing with the 
problem^ presented by our environment. Here, of course, we are using the 
word "tool” in a much broader sense than usual. A tool is anything w hich 
is useful in solving a problem. The evolution of man’s physical tools may 
well have begun when he first picked up a club or a stone to ward off an 
attack by another animal or an angry neighbor. He was using a tool to 
solve a problem presented by his living environment. This might well 
involve his survival. 



There are many other examples of tools used to solve environmental problems. 
If it is raining you wear a rain coat to solve a problem of environmental 
adjustment. Your ancestors did not evolve a coating of coarse hairs to 
shed the rain as some other animals did. They invented clothing (including 
raincoats) instead. You wish to get an idea across to another person. 

Getting it across constitutes a problem. You use written or spoken language 
as a tool to deal with this problem, possibly devising new word combinations 
or even inventing new words to adapt the tool to the need. 

Social, political and economic systems are tools which we have evolved 
for dealing with problems of commodities, media of exchange, distribution 
of goods, and standards of living. Money and commodities themselves are 
tools for meeting human needs. Ideas are tools for solving problems in 
human thinking. These ideas affect our actions. 

The words that you have just read have been used in a particular combination 
as tools for expressing the idea that man has extended his physical body and 
it£' capabilities in many ways to adjust to his environment. The bodies of 
other animals have undergone structural changes in becoming specialized 
to deal with a particular kind of life. Later, because of their special- 
ization, they have found themselves unable to live at all except in a special 
habitat: the sea, the freshwater of ponds and lakes, open plains, forests, 
the tropics, the arctic. 
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llan's body, on tbe other hand, has remained relatively unspeciaiizeo. 
By evolving and using tools, in the broad sense that we have used the 
wLd. he has been able to adjust even better to the same problems to 
which other animals have adjusted. He has also adjusted to many 
problems. It is because of this that man has become dominant over the 
whole earth, and soon, possibly, over other worlds also. 




Resources for the Problem 

Ho special equipment or materials are necessary for this laboratory 
experience. \ Lmber of different hinds of resources 

useful. These include back files of magazines, expecially the yatios^ ^^ 
Geographic Magazine. Nearly any library will have some of these. ^ 

timL Lmplete or nearly complete files, going ^ 

been kept Old newspapers, books on history, any books which describe or 
ptc^ur^^he ways In Shich people lived, and the things that they used before 

Sir tIL! :iu\e helpful. We are living in a « Va«y 

it will surprise you how shortly before our time conditions differed great y 

from the present. 

If a museum is available near where you are, it will furnish 
resource for study. Antique shops are full of things that 
used: old furniture, old dishes, old utensils, old tools, sometimes 

books. Many people collect these things. Your parents or y°” 
parents may have some of them. Old snapshots and ®°ii®®“°"®„^ 
portraits are useful in some cases. Conversation with older people, 
your grandparents or others their age, is a good resource. 

A part of your problem is to locate appropriate material. It is necessary 

toZlrl hL to'look for it. This is a good “PP®-^^^^^ f 

the community where you live, and the things and people . , - 

make the most of this opportunity. Any community has a S'eat deal of 

material which will be useful for this study. A resouLes 

wavs more advantageous than an urban community, and vice versa. 
arilaWe in one are different from those in the other. Ho t- comm^ities, 
even of the same type, are alike in this respect. You wi 1 y 

very interesting. 

Procedure : 

This study may be carried on in the form of individual, ®"t-®^-®?;®®® P'®^®®*® ’ 
or by field trips which may be arranged to suitable places. P«*P® y> 

SLt cases, a cLbination of these two approaches will P>-»y® ^t. It may 
be desirable for different students or groups to work 
of the study, and then bring their results together for the 

class. 

Evolution of the Automobile 

The automobile began in the 1890 's with a combination ®* ®®“® *®®*”®® , 
taken from the bicycle and some from the carriage, together with » “o^®' 
propuTsiol The motor was originally placed beneath car, but was 
very quickly moved to the front, possibly because this was **‘"® “® '“'®® 
had^been. There have been various experiments with rear-end drives. 



These have genetally proven more successful in Europe th^ America. The 
German Volkswagen is a notable example. Can you think of “Y others? 

The automobile has steadily evolved during the past ^J^-thirds of a 
century toward a form that is uniquely its own, yet which still shows 

some evidence of its origin. 

The Matlonal Geographic Magazine beBan publication in 1889. It hM owried 
advertisements which pictured automobiles since the early years of this 
century. These advertisements constitute an excellent source lor traci g 
the evolution of the automobile. Study these or any other available 
sources. What changes can you observe in the external appearance of the 
automobile? Can you identify any trends? When did they first appear? 

What kinds of cars were sold at the time of World War I that are no g 
on the market? Were the present kinds available then? What 
appeared? Were these really new or were they variant forms of older ones? 
Hm does the number of companies making cars compare with the number at 
the time of World War I? What has happened? Why? 

Of course the external appearance of cars tells little or nothing about 
internal changes. Talk with an older person who has driven cars lor most 
of hL life, Ld ask him to recall what some of these internal Ranges have 
been. How about number of cylinders? What about gear shift? l^at atout 
method of starting the motor? Any others? What about accessories 
it possible to discover any trends? Try to account lor these c snge 
terms of the environment in which the automobile has operated in te p 
hall century or longer (roads, growth of population, growth of cit es, 
general Improvement of standard of living). What abont 
ears? Compare automobiles used in America and in Europe in this regard, 
“d try W Lcount lor any differences that you find. What f °ut cost of 

gasoliL? Has the quality of gasoline improved? Have drivine 

efficient in their use of gasoline? What altout tires? What 

speed? What about cost of cars? 



How has increased use of the automobile affected the geography of 
cities? What about the future? What problems must we lace in connection 
with increased use of the automobile? See if you can find out what xs 
the present thinking of the automobile manufacturers with regard to new 
developments in motor and body design. 



Try to account lor the changes which have occurred in the evolution of the 
automobile in terms of natural selection. This is survival of that 
which works, and elimination of that which works less well. What “e 
selective factors that have operated in the evolution of the automobile? 



Evolution of the Airplane 



The airplane began through experimentation with man- lifting kites and 
studies of the flight of birds. The first airplanes were essentially man- 
lifting kites with motors for propulsion. How does an airplane stay in 
the air? What is Bernoulli’s Principle? Can you think of any common 
examples of its operation that you have observed? 



With, the attainment of greater speeds, the airplane has evolved steadily in 
the direction of becoming a projectile, manned or unmanned. How is this 
evident in its external appearance? What have changes in the kinds of 
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motors used for propulsion had to do with this? Whnt kinds of motors are 
now available for propulsion? The intercontinental ballistics missle and 
the development of space ships constitute the ultimate in this line of 
development. What means of propulsion and structural designs are possible 
for use outside the earth’s atmosphere in interplanetary space? Why? 

Following the same general lines of investigation as have been indicated 
for the evolution of the automobile, study the evolution of the airplane. 

Here old magazines will give you less help. On the other hand, more material 
on present and possible future developments will be available in current 
and recent newspapers and magazines. Also you will find more material in 
books and in textbooks. Again talk with older people who remember some of 
the stages in the evolution of the airplane. 

How have airports evolved along with airplanes? What about spaceports? 

What effect has the military use of aircraft had on the evolution of the 
airplane? What about the increase in air travel by civilians? Has the use 
of the automobile also entered into this picture? What have been the selective 
factors that entered into the evolution of the airplane? Have they been 
the same as those that have operated in the case of the automobile? If 
so, why? If not, why? 



Evolution of Language 

Now words are constantly appearing. Sometimes they survive, but more often 
they do not. In some cases, however, whole new vocabularies replace old 
ones. When man’s activltxes change, and the things that ho does give way 
to others, new words become necessary, and old words become obsolete. This 
happened when the automobile, truck and tractor replaced horses and horse- 
drawn equipment. The very words "truck" and "tractor" themselves were 
new or acquired new meanings. A "truck" formerly meant a small hand- 
pushed carrier for luggage. The word "tractor" is entirely new. What is 
the derivation of the word "automobile?" A generation ago radio, and more 
recently television, brought now words into the language. Language evolution 
is, in general, related to people’s need for expression in situations of 
actual living. When the situations and relationships change, language 
changes with them. At some periods and in some places, the change is rapid. 
At other times and in other places it occurs slowly or not at all. It is 
in this way, however, that the languages that we have in the world today 
have developed and differentiated from one another. Anthropologists estimate 
that it takes about 20,000 years for two languages which have a common 
ancestor to become completely separate. 

There are books on the development of language differences which are non- 
technical and interesting. Look for some of these in your local library. 
Occasional articles in newspapers can be found dealing with these topics. 

Your best resource, however, at least to begin your study, is your own 
experience. Observe differences in speech among people from different 
parts of the country, between rural people and city people, between older 
people and younger people. What differences can you discover? What is 
dialect? What dialects can you detect? Dialects differ in different 
sections of the country, sometimes even in different cities. Sometimes 
such differences can be detected on television, watch for them. 

to your parents and other older people and with their help try to 
identify words like "radio", "television", "nylon", "paperback that 



have come into existence in recent memory. You can easily compile long 
lists of those. Some you will be able to think of from your own experience. 
Others, like ”refrigorator” are more then a generation old. Try to find 
out what brought them into existence. Some are manufactured words (like 
"rayon”, "penicillin"); some are even commercial brand names (like scotch- 
tape," "kleenex", "band-aid") that have come to mean a kind of product, 
rather than simply the brand of that product made by a particular manu- 
facturer. Other manufacturers of the same product may not like this. 

What effect do you think it might have on sales? 

Identify slang words and terms current among your friends. These change 
rapidly, often in a single year. Few of them survive. Ask your parents 
about slang terms that were current when they were young. Have any of 
these survived? Do your parents still use any of them? Do you? Have 
your parents or teachers taken up the use of any of your slang terms? 

To a large extent slang belongs to the language of young people. 

When the same language is spoken in wi^iely separated countries, it may 
evolve differently, using different words for the same new development 
when it arises. In England and the Lnited States this has happened, 

What words are used in England that correspond to our 'radio , truck , 
"gasoline", "hood" (of a car), "trailer", "elevator"? Can you find 

others that differ? 

See if you can find a list of words pertaining to horses and horse-drawn 
vehicles, which formerly were in general use, but now are limited to hobby 
groups and others who still use horses. How might you go about investi- 
gating this? 



Evolution of Clothing 

The evolution of clothing has shown long-time trends related to availability 
of materials and the activities in which people engage. Thus, the intro- 
duction of cotton into the Mediterrane/an world in ancient times, and the 
availability of silk following the development of trade with the Far East 
at the close of medieval times, made possible changes in certain types of 
clothing. The development of various kinds of synthetic fabrics in our 
own tlnio iias prodiucod ovon wider effects* 

The replacement of natural dyes by synthetic ones, which followed the 
discovei-y of the first analine dye by the English chemist Perkin in 18585 
has resulted in the use of a far greater variety of colors and shades, and 
the availability of brighter and more permanent colors. How is this com- 
parable to what is happening now in the case of fabrics? Can you think 
of other similar examples? 

One field of cultural evolution reacts upon another. There are complex 
interrelationships among different aspects of people's adjustments to the 
problems of their environment. In ancient times in the Mediterranean 
lands, workers went naked or nearly so, while women and the non-working 
classes of men wore long, flowing costumes. With the spread of Christianity 
and acceptance of its concepts of modesty, working people came to wear 
clothing, more or less close-fitting, as befitted their active life. Women 
and non-workers continued to wear clothing of long, flowing type. What 
happened in Polynesia with regard to clothing when missionaries introduced 
Christianity? What about clothing among primitive tribes at the present 
time? To what extent do men and women all over the civilized world wear 
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the a«me kinds of clothing now? Why? How does this compare with con- 
ditions fifty years ago? Why? 

In western countries, during medieval times, men of the working classes 
came generally to wear trousers, but the men of the non-working classes, 
prior to the political revolutions of the late 1700* s, wore knee breeches 
with elaborate coats, collars, stockings and shoos. Following the French 
and American Revolutions, the long trousers of the working classes were 
adopted by all men. Why do you think this happened? Study pictures in 
books on the history of Europe and America, and see if you can determine 
Just when this change occurred. 

Women continued to wear long, flowing clothing generally until World War 1. 
What changes took place in women's clothing in the decade following World 
War I? Why do you think these changes occurred? When did the custom of 
women wearing slacks develop? Why? 

What has happened to the heavy winter underwear that both men and women 
used to wear? Why? What has happened in the case of outdoor clothing 
for winter? Why? How have bathing costumes for both men and women 
evolved during the past seventy-five years? Why? 

Study clothing evolution during the past hundred years. What specific 
changes have occurred in women's clothing? In men's? Which has shown 
the more rapid changes? Why do you think this is so? Long-term evolution 
should not be confused with fashion change, but the same trend may reappear 
in succeeding fashion cycles. What influence do you think fashion has? 
Temporary? Permanent? Do you think that long dresses for women for day- 
time wear will ever come back? For an extended period of time? Why? 

You will find family portraits and other pictures of people long ago the 
best available source for a study of clothing evolution. Beginning about 
the time of World War I, with the invention of the small, portable c^era, 
the making of "snapshots” became common. What about the word kodak ? 
Examine snapshot collections in your own family and those of your friends. 
These may include as many as three generations. Pictures of people in 
advertisements in old magazines are a good source if they are available. 

Talk to your parents, grandparents and other older people. Most museums 
contain old costumes. Note the colors of these as well as the costumes 
themselves. How are they different? Is this due entirely to their age? 

Further Investigations ; 

In any kind of evolution there is the phenomenon of old, primitive or 
ancestral types persisting in out-of-the-way places which are marginal 
or isolated. In these places the onvironmental conditions have not changed, 
competition is not great, and the stream of development has passed them by. 
Students of biological evolution call these primitive types archaic , 
and the places in which they survive "relict" areas. Such places are found 
in deep lakes of ancient origin, mountainous areas, the depths of tropical 
swamp forests, desert areas, Islands in tho sea, the extreme edges o 
continents, and isolated peninsulas off larger land masses. The archaic 
specios of plants and animals found in such places are the living fossils 
of popular Journalism. What are some examples? 

In the area of proxy evolution such "living fossils" can be discovered in 
any of the classes of tools that man uses. They are found in any conser- 
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vatlvo situation where, for one readon or another, the s^^ream of living has 
l^assed them by. The necessity for change to meet new situations and 
problems has not been sufficient to cause them to be abandoned. They are 
more likely to survive in rural areas than in cities, in hilly or mountainous 
areas than in plains areas, and in poor soil areas than in good soil areas. 

"Language islands" and conservative religious groups preserve antiquated 
forms of dress, language and other cultural devices. Ceremonies and 
traditional festivals, such as are carried on in some European communities 
and Indian tribes, fall into the category of relict areas which preserve 
antiqufited forms, especially of dress. Can you think of any others? What 
about weddings? Can you think of any cases where these antiquated customs 
have ?jeen artificially perpetuated or revived as tourist attractions? 

Kerosene lamps ai\d horse- and- buggy transportation have been retained 
longest in h^lly or mountainous, poor-soil areas. Older people are the 
ones most likely to cling to "old-fashioned" things and forms of speech and 
dress. Why? Horse-drawn farm implements have survived similarly. Old 
models of automobiles in everyday use disappear last in poor, iniral, hill 
districts. 

If a museum is available, look in it for old methods of lighting, old 
forms of transportation, old farm implements, old types of dishes, glass- 
ware, furniture, hand tools, and other old things. The Henry Ford Museum 
and Greenfield Village at Dearborn, Michigan, has an excellent collection 
of these things. The Museum of Science and Industry in Chicago has some 
of them. Almost any historical museum will have at least a few of them. 

Antique shops are filled with some kinds of old things. Ask your parents 
if they know of people who have private collections of some of them. Try 
to find and study some of these things. Can you identify any trends in 
their evolution? What kinds of forces and influences do you think shaped 
their development? See if you can discover or figure out answer# to some 
of these questions. 

The isolated, mountainous, poor-soil districts of the South preserve many 
of the language forms of Middle English. This is the English language of 
the time of Queen Elizabeth I, the King James version of the Bible, and 
Shakespeare. Many of the medieval ballads which have long since disappeared 
in England have been found in the southern mountains, which began to be 
settled when Middle English was still being spoken, and the ballads were 
still being sung in the home country. Have you ever heard any of these 
songs? Listen to some of them in a record collection. If you know 
any people who come from these areas, listen for differences in their 
speech. What are some of the differences? 

Ancient language forms also persist in the rituals of churches. Since 
religions tend to be conservative, these are comparable to the survival 
of other archaic forms. Such church languages are called ecclesiastical 
languages. The use of Latin as an ecclesiastical language in the Roman 
Catholic church is well known. Nearly all religions show some phenomena 
of this kind. What other specific examples can you discover? 



Hellglons may al«o preserve old clothing types, Tlho clothing worn toy 
I'loman Catholic monks and nuns falls in this category. What other examples 
can you think of? Generally both language forms and clothing forms tend 
to preserve the types that were in use at the time the religion was founded 
or the particular custom originated. What about Salvation Army uniforms? 

To what military uniforms are they related? Why? 

How is the evolution of man's machines, language, clothing, other cultural 
forms EOid ideas — tools in the broad sense for dealing with problems posed 
by his environment“"Comparable to the evolution of plants and animalc during 
the earth's long history? In what ways is it similar? In what ways 
different? What examples of this kind of evolution can you think of other 
than the ones suggested here? To what extent are all forms of evolution 
related? 




Sample Tests 



These are teacher-constructed tests, based on questi^Jis asked by students 
following completion of laboratory experiences looking toward specific 
Ideas. In the case of each test the laboratory experience on which it 
^iS^ased is indicated. The Ideas were taught, the laboratory experiences 
were carried out, and the tests were constructed in accordance with the 
practices recommended in Suggested Procedure for a Teacher *2 

Use MSCC-JHSP Materials . 

These tests are samples only . They should not be used outside the 
setting for which they were constructed. It is hoped that teachers 
will construct their own tests, following the practices recommended in 

Suggested Procedure. 
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Test to Peteralne Your Onderstandlng of Measurenen t m m Bcpressj^ of Relationsh ip 

(BMied on laboratory experiences: (1) "A Study in 

ance,” and (3) 'Velume, Weight, Pressure, and Physical State ) 



Basic Concept; 



Ihe act of measuring things has always been a very important h^an 
activity. Since the earliest times the measurements that people 
have made have always consisted of an expression of the relationship 
of one thing to another in terms of quantity. Let us take the 
measurement of time as an example. We measure time by comparing 
it to certain cycles, or regular repetitions of readily recognisable 
events. Our day is a cycle of light and darkness, the time 
for the earth to make a complete turn on its axis. Our month is a 
cycle, the time it takes for the moon to pass through its successive 
phases, from one full moon to the next full moon. Our year is an 
annual cycle, based on the recurring seasons, the time it takes the 
earth t > make a complete revolution in its orbit around the 
Prom these cycles, which even primitive man observed, we have the 
day, month, and year, which are natural divisions of time, but are 
still comparisons of the flow of time with something else in terms 

of quantity. 



We also measure the weight, length, thickness, and volume of things 
by comparing them with arbitrary units of measurement. Many 
dards have been used as units in making measurements: the length 

of a king’s foot, the width of a hand, the weight of a stone, the 
distance from the equator to the north pole of the earth, the 
distance that light can travel in a year, but they all employ 
the idea of comparing an object or quantity with the thing that 

is being measured. 



Instruction 



Instructions: 



As man’s knowledge has increased, the kinds of things that he has 
found it necessary to measure have become more varied and comp ex, 
and the units of measurement that he has devised have become more 
complex also. The continued use of certain relationships for 
measuring and expressing quantities has led to standardization, 
and as a result, basic systems of measurement are now in use 
throughout the world. 



The following questions are based on the questions that the 
of the class were asked to prepare. You we asked to decide which 
of them apply to the basic concept as it is stated above. 



First: Read the basic concept over very carefully. You may need 

tTTead it again many times while you are taking the test. Do so 

as often as you wish. 



Second: Mark ”g” in front of those questions which apply to the 

basic concept. It would be a good idea to go through the entire 
list, and mark only those few which you think apply most closely. 
Then go back through the list a couple more times to find and mark 
any that you missed before. In this way the first and best ones 
that you mark will serve as a standard by which you can judge the 

others. 

Third: «ien you are sure that you have marked all the ”G's", *o 

back through the list one more time and mark a in front of all 
the questions that are left. 
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X 1. Is the wetrlc system the simplest way to measure anything? 

G 2. What do we mean by "margin of error”? 

G 3. If we had only millimeters, how much measuring would be done of big objects? 

How does the metric system work? 

X 5. What is volume? 

G 6. If long ago people considered an acre to be one morning’s plowing, how would 
they know it was accurate because people work at different speeds? 

G 7. How would you go about making a system of measurement if there were none? 

X 8. Will the United States eventually change to the metric system? 

Q 9. Did anyone ever use a stick for measurement? 

X 10. Why is the metric system easier than the English system? 

G 11. Does physical state have anything to do with the way in which you measure 
something? 

X 12, Who invented the metric system? 

G i3. How are units of measurement related to whatever it is that you are measuring? 
G 14. How could you measure space? 

X 15. How do you go about learning the metric system? 

X 16. Does the metric system always deal with multiples of ten? 

G 17. What kind of measurement do they use to measure the distance from the earth to 
the sun? 

G 18. What do volume, weight, and physical state have to do with each other? 

X 19. Does the modern factory worker use a lot of measurement in a day? 

X 20. Why does foam have weight? 

G 21. Can we measure anything without units of measurement? 

G 22. What relationship are we using when we measure time by a sundial? 

X 23. Why has the United States been thinking of changing to the metric system? 

X 24. Why do we speak of the weight of air? 

G 25. Is measurement relative? 

X 26. What did cave men use for measuring? 
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G 27» Why would a clock that measures time by atomic vibrations be more accurate than 
the clocks that we have now? 

X 28. Do we use measurement every day? 

X 29, Could you Invent a measuring system easier for all countries to use than the 
metric system? 

G 30* When you measure something with a ruler, are you comparing it to the ruler 
Itself? 

X 31. Is there a system better than the metric system? 

G 32. When you put a penny in one can and balance It by putting BB's In the other can, 
is it similar to the wsy people used to buy groceries by taking a set weight 
and balancing it with the kind of food they wanted? 

X 33. Why do you have to get the yard stick to balance? 

G 34. What Is a foot-pound? 

G 35. Is measurement a system of relating objects to one another? 

X 36. Are there any scales In the world that weigh feathers? 

G 37. Is balance related to measurement? 

X 38. Why do we use a scale? 

X 39. How much does a penny weigh? 

G 40. Does measurement ever express the quality of something by comparing It with 
something else? 

X 41, Why did we have to make a notch every quarter-inch on the ruler? 

G 42. Could we use weights to measure distance? 

G 43. Does the shaving cream weigh the same In all of Its forms? 

X 44. How do the liquid and the gas In the shaving cream turn to foam? 

X 45. If the can has a leak, is it just like getting a leak in the pressurized cabin 
of an airplane? 

G 46, Is there a means of measuring everything In all different physical states? 

G 47, Could you devise a system of measuring weight with something other than BB*s 
and pennies? 

G 48, Are you in a sense measuring the effect of gravity when you do a weight 
experlmmmt? 

X 49. How much do fifty pennies weigh? 










mm 

X 50. Does this balancing expcrineat affect our everyday lives when we weigh and 
balance .something? 

G 31. What kind of units are used to measure weather? 

X 52. Do all aerosol devices need shaking? 

G 53. To what extent can we use the same kind of measurement units to measure the 

shaving cream when it is in the can and after it comes out? 

X 34. How is the pressure built up inside the shaving cream can? 

G 55. Would it be possible to measure the space an electron occupies? 

X 56. What kind of gas, when mixed with a liquid, turns it into a solid? 

G 57. How did man first get the idea to use measurement? 

X 58. Were the measurements that the ancient Greeks and Romans used very accurate? 
X 59. Which king said that three barley grains equaled one inch? 

G 60. Why do people need to measure things? 
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Test to Determine Your Un derstanding of the Basic Concept of Tools as Extensions 

^ Man ^ s Body 

(Based on laboratory experience: "Extending Man's Body with Tools") 

Basic Concept: Within these experiences we will be using the word tool in several 

different but related ways. In order to understand this term we 
must clearly define it. A tool is anything which is used to solve 
a pro blem , or to meet a challenge p osed by ja certain situation , 
ft is a device which enables man t^ adjust To or overcome his 
enviromaent . 

Tools may be thought of as extensions of man's body and its 
capabilities. From the time of his origin, man has made tools _ 
which enable his body to reach outward and do things which it 
would not be able to do without them. This concept may be 
expanded to include the outside sources of energy which man uses 
to operate his tools. As civilization has advanced, tools have 
become more complex, and greater amounts of energy have been 
required. 



It is this basic ability to make tools which separates man from 
other animals. As a result of it, he has been able to Incorporate 
the basic tools into complex !aacbines which more effectively 
extend his body and its capabilities. 

Instructions : The following questions are based on the questions that the mem- 

bers of the class were asked to prepare. You are asked to decide 
which of them apply to the basic concept as it is stated above. 

First ; Read the basic concept over very carefully. You may need 
to read it again many times while you are taking the test. Do so 
as often as you wish. 

Second ; Mark "G" in front of those questions which apply to the 
basic concept. It would be a good idea to go through the entire 
list, and mark only those which you think apply most closely. 

Then go back through the list a couple more times to find and 
mark any that you missed before. In this way the first and best 
ones that you mark will serve as a standard by which you can 
judge the others. 

Third ; When you are sure that you have marked all the "G's", go 
back through the list one more time and mark "x" in front of all 
the questions that are left. 

X 1. What is friction? 




X 2. Name three kinds of levers. 

G 3. Can you hear a watch tick better with a funnel? 

X 4. What are some simple tools? 

G 5. Is wearing glasses a form of extending man's body? 
G 6. What does mechanical advantage mean? 
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X 7. Do you need air to plake friction? 

X 8. What are the three parts of a lever? 

G 9. Does man's body extend in using a piece of chalk? 

X 10. What animals use tools? 

X 11. Would a 300 gram weight and a 150 gram weight balance at the same distance apart? 

G 12. Does a book extend man's body? 

G 13. Are computers tools? 

X 14. Are there more complex machines today than 20 years ago? 

G 15. Why would man's tools depend on his environment? 

G 16. Is everything we can see around us (excluding nature) an extension of man s bo y 
X 17. Is a lever a simple machine? 

X 18. Will the day come when tools will build houses, roads, cars, and so forth? 

G 19. How does man have an advantage over animals when he usee tools? 

G 20. Is driving a car an extension of man's body? 

X 21. How does man control his body? 

X 22. What are the three kinds of levers? 

G 23. Can man use tools to overcome or change his environment? 

X 24. At what stage of time did man start making his tools complicated? 

G 25. What is man's mechanical advantage when using a lever? 

G 26 When you see how far away you can hear a watch tick, then listen to it through 
rpaperfunnel and hear it twice as far away, is this extending your body? 

X 27. Do all pulleys have two wheels? 

X 28. Does fulcrum mean the point at which the stick is suspended? 

G 29. Does your mind use tools? 

X 30. Is man's body used like an animal's body? 

X 31. Is the wheel alone a machine? 

G 32. Is almost everything man uses a tool? 

G 33, Can electricity be an extension of man’s body to make him see better? 

X 34. How can a lighter weight balance a heavier one? 



Q 35. Is thero an extenalon of nan's bod^ to sake hla aee bettar? 

X 36. Did cave men use tools In ancient times? 

G 37. Would a grocery bag be an extension of man's body? 

X 38. Does friction occur In most simple machines? 

G 39. Do animals such as horses and dogs sometimes act as extensions of man's body? 

G 40. Is a fountain pon an extension of man's body? 

X 41. Are the uses of the wheel any different now than they were In the early 1800's? 
X 42. Could you make a simple machine that would not cause any friction? 

G 43. Is a clock a tool? 

X 44. Does friction operate with wind and water? 

G 45. Is the use of gasoline an extension of man's body? 

G 46. Can man's tools be used for measuring and weighing? 

X 47. Can a four-footed animal use tools? 

X 48. What do the terms fulcrum, effort and resistance mean? 

G 49. In the olden days, milking was done by hand. Are the machines now used for 
milking extensions of man's body? 

X 50. Could simple machines be used to help us more? 

G 51. In a sense, would 1 be stronger If I used a lever to lift things? 

X 52. Why can animals do some things that man can't do? 

G 53. How far can man's body b^ extended? 

X 54. Could you hear through the can-and-strlng telephone If the string were placed 
underground? 

G 55. Why are the pointed rooftops of houses In the form of Inclined planes? 

G 56. To what extent would man's capabilities be held down If there were no simple 
machines? 

X 57. Is it possible that you could move the earth If you had a large enough lever? 

X 58. Are we really superior to animals? 

G 59. Could you consider a piece of paper to be an extension of man's body? 

G 60. In a surgical operation, would a knife be an extension of the doctor's body? 



Teat to Determine Your Understanding of the Basic Concept of Normal Curves , Warping 
' Factors and Sampling — . 

(Based on laboratory experience: ”Normal Curves and Warping Factors”) 

Basic Concept ; As the scientist works he discovers certain patterns in nature. 

These patterns frequently take the form of normal curves. What 
is meant bg the term "hormal curves”? In order to better under- 
stand the term, let us use an example within our classroom. 

If one were to collect a representative sample of the t^es of the 
students in this class, he would find that a great number of them 
would fall within the same age group, and a few would be above r 
below. If these data were recorded in the form of a graph, the 
results would constitute a normal curve. The curve would take the 
form of a bell-shaped line, the center of which would be the norm, 
where most of the ages recorded would fall. 

Sometimes these curves are modified. This results from what we call 
"warping factors”. For example, if one wrre playing with dice that 
were not loaded, and the results of many throws were recorded on a 
graph, the graph would take the shape of a normal curve. If the 
dice were loaded, a particular number would be favored. This would 
obstruct the number that would normally show, and thus would cause 
a warp in the normal curve. 

The scientific prodedure employed is also important, because the 
patterns found are a direct result of the method used and the 
amount of sampling that takes place. The larger the sample, the 
better the picture. For example, if we could increase the sample 
of 7th grade students in relation to age from our class to all 
7th graders in the United States, we would have a more valid 
and dependable result. 

Thus we see what a normal curve is, and how it may be modified by 
warping factors and is dependent on the amount of sampling that 
takes place. 

Instructions: The following questions are based on the questions that the members 

of the class were asked to prepare. You are asked to decide which 
of them apply to the basic concept as it is stated above. 

First ; Read the basic concept over very carefully. You may need 
to read it again many times while you are taking the test. Do so 
as often as you wish. 

Second ; Mark ”g” in front of those questions which apply to the 
basic concept. It would be a good idea to go through the entire 
list, and mark only those few which you think apply most closely. 
Then go back through the list again a couple more times to find 
and mark any that you missed before. . In this way the first and 
best ones that you mark will serve as a standard by which you 
can Judge the others. 

Third ; When you are sure that you have marked all the ”G's”, go 
back through the list one more time and mark ”x” in front of all 
the questions that are left. 
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X 1. What are the steps of the scientific method? 

X How do you go about making a normal curve? 

G 3. If you flipped a coin one hundred times, and flipped one a thousand times, 
would the thousand times be more valid? 

X 4. What steps are taken in solving a problem? 

G 5. Is a normal curve something which happens normally? 

G 6. If you had the ages of all of the 7th graders in Kalamazoo, could you get a 
general idea of the ages of all of the 7th graders in the United States? 

X 7. Does the way you flip the coin have anything to do with the way it is going 
to land? 

G 8, Could you make a normal curve with data on the birth rate or death rate of 
animals? 

X 9, Are normal curves similar to warping factors? 

G 10, What is the probability that fifty heads and fifty tails will turn up if you 
toss one coin a hundred times? 

G 11. Does a norm have anything to do with a normal curve? 

X 12. How do different coins affect whether it turns up heads or tails? 

G 13, If you were to toss pennies in trying to make a normal curve, how many times 

would you have to toss them? 

X 14, Why are some pennies and other objects, which are supposed to be equal on 
the two sides, unequal? 

X 13. How does probability differ from a conclusion? 

G 16, Can a single warping factor throw off a normal curve?. 

X 17. How can you know beforehand how many heads and tails will turn up in an 

experiment? 

G 18, Would you get better results if you had thirty-two students with six pennies 

each, or three classes of thirty-two with each student having two pennies each? 

X 19. How did science get started? 

G 20, Would your chances of drawing out one of the four "tens” In a deck of fifty- 
two playing cards be four out of fifty- two? 

X 21. Name some warping factors in the human brain. 

G 22. Do perfect normal curves occur very often? 

G 23, Which would make a better normal curve, to take ten 7th graders and write 

down their ages, or to take all of the students in the 7th grade in Kalamazoo? 
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X 24. Is flipping a coin an experiment? 

X 25. Why is a question similar to a hypothesis 

0 26. Wh.t 1. the probability that three taiia viU turn up if you toss sin pennia. 
at once? 

X 27, What gives a scientist the mind to try something over and over that ha. 
already been proven? 

G 28. Can normal curves be used in any subject in school? 

X 29. Are warping factors working inside the earth? 

G 30. What is meant when a hypothesis is called an educated guess? 

X 31. What would the hypothesis be if there were 600 trees, ho* many would be two 
years old? 

G 32. Does everything have warping factors? 

X 33. What is the probability of an engine turning over in an hour? 

G 34. Why doesn't nature form perfect normal curves? 

X 35. If you dropped two balls, one of iron and one of aluminum, would the iron 
one hit the ground first? 

G 36, Is there a relationship between natural laws and probability? 

G 37. Are warping factors the only thing that could make tossing pennies not come 
out 50:50? 



K 38. What is s line graph? 

G 39. Is a tentative solution a probable solution? 

X 40. Can thinking machines think by themselves? 

G 41. What is a natural law, and why is it called a natural law? 

X 42. What are the basic steps you take when you use the scientific method? 

* 43 If vou took all the students in your Junior high school class, would there 

* ^ • be a SOtsrchance of more of them being twelve than thirteen? 

G 44. What is meant by probability when you say. "is there a probability of man 
reaching Mars in the next ten years? 

G 45, IS there a natural low that would solve the problem of losing at a card gwne? 
X 46 Explain how to make a bar graph* 

invent science? How would you go about it? 
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X 49, What shape on a graph is a warping factor? 

G 50. How is probability related to chance? 

X 51, Do all results make a normal curve? 

X 52. Is inductive thinking when you start with an answer and try to prove it? 

G 53. Every day Mary gets up, cleans herself up, makes her bed, eats breakfast, goes 
to school, comes home, cleans her room, eats supper, studies her lessons, 
and goes to bed. Would you call this a pattern in nature? 

X 54, Is a warping factor the whole normal curve? 

G 55. If we have a larger population, why are the chances greater for whatever we 

are studying to occur? 

G 56, If you asked 100 children how old they are, and found that 14 were 11 years 

old, 60 were 12 years old, and 26 were 13 years old, would your results 

constitute a normal curve? 

X 57, Does scientific behavior center on problems? 

G 58. Are warping factors always at work in the natural world? 






X 59. Are data the same as information? 



X 60. How do we know what an experiment is? 





O 



ERIC 



Test to Determine Your Understanding of the Basic Concept of Gradients 

(Baaed on laboratory experience: "A Simple Learning Curve”) 

Basic Concept : Nature ia full of examples of gradients. They are situations which 

exhibit continuous, progressive change. They are equally charac- 
teristic of the physical world and the biological world, including 
ourselves. 

There is a -decrease in the average annual temperature as one goes 
north from the equator to the pole. This progressive decrease 
constitutes a gradient of temperature. A stream exhibits a 
gradient of decreasing elevation from its source to its mouth. 

This is why the water flows downstream. 

The process of learning shows a gradient of increasing skill, and 
ia basically the same in all animals, regardless of species. In 
your own studies, the skills that you try to accomplish p and the 
knowledge that you try to acquire, are improved by repeti^ by 
going over them again and again. 

In order to observe this learning process in ourselves, we can 
record the degree of improvement, which is really learning 
activity, in the form of a line on a graph, and thus obtain a 
gradient. We can use an experience of this kind to explore the 
idea of gradients. 

Instructions ; The following questions are based on the questions that the members 

of the class were a^ked to prepare. You are asked to decide which 
of them apply to the basic concept as it is stated above. 

First ; Read the basic concept over very carefully. You may need 
to read it again many times while you are taking the test. Do so 
as often as you wish. 

Second ! Mark ”G” in front of those questions which apply to the 
basic concept. It would be a good idea to go through the entire 
list, and mark only those few which you think apply most closely. 
Then go back through the list again a couple more times to find 
and mark any that you missed before. In this way the first and 
best ones that you mark will serve as a standard by which you can 
Judge the others. 

Third : When you are sure that you have marked all the ”G*s”, go 
back through the list one more time and mark ”x” in front of all 
the questions that are left. 

G 1. How are normal curves related to gradients? 

X 2. Is a chalk board an example of a gradient? 

G 3. Would a road going down a mountain into a valley constitute a gradient? 

X 4. If a person were copying someone else's paper, would that be a learning curve? 

X 5. Would measuring be a form of gradient? 
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G 6, The first time we worked the puzzle it was hard, but the second tl ... 
easier: is this basically the same as when a baby starts to walk, the first 
time it is hard, but the second and third times it comes easier? 



X 7, Could we make a normal curve as to how rapidly dlllerent elassea adapt to a 
new puzzle? 

X 8. Scientists have used the monkey in experiments and in space; is it true that 
the monkey is the closest animal to man? 

G 9. Would a path going down a hill and a learning curve both mean gradient In 
general? 

G 10. An airplane is getting ready to land; when it begins to lose altitude would 
that be a gradient? 

X lie Would the number of people in the United States in 1968 be a gradient? 



X 12. What are some examples of how gradients are used? 

G 13. Do gradients have anything to do with the growth of a child? 

X 14. In the experience we did, some people said it took them longer to 

puzzle the second time than it did the first time; what is one reason why 

it could have happened this way? 

G 15. Is a gradient the process by which something ascends or descends? 

X 16. Do the pieces of the puzzle In this experience have to be triangular? 

G 17. A hoy got a bicycloi the first day ho could ride three blocks, the next day 
five, Ld the next ten without falling off J could this be an example of a 

gradient? 

G 18. How can you learn from books, because in learning to do the 

do it over and over, but when you read a book you don t usually read It over 

and over? 

X ISs Does the age of a person make any difference in putting the puzzle together? 

X 20. Would a man or any other animal learn faster without using words? 

G 21. How does the growth of a blade of grass constitute a gradient? 



X 22. Are learning curves very accurate? 

G 2w, Can gradients be used in a comparison between two things? 

X 24. Did the number of parts in the puzzle make any difference in the length of time 
it took us to learn it? 

G 25. A pencil when it is sharpened tapers toward the tip; is this a gradient? 

X 26. If Tom cm put the puzzle together faster than Dick, does this mean that Tom 
Is smarter than Dick? 
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X 27. Would all of the puzzled take the aame time to put together, even If they 
weren’t all cut alike? 

G 28. Does the yearly Increase in manufacturing in the United States for the last 
ten years constitute a gradient? 

G 29. How are gradients related to the weather? 

X 30. Why do you have to reduce a problem to its simplest terms before trying to 
solve it? 

G 31. Is the growth of a tree recorded over a period of twenty-five years a gradient? 

X 32. Why would it get colder going north? 

G 33. Is the amount of sunlight received at a place within the Arctic Circle during 
a season a gradient? 

X 34. If you went east and west along the equator, why would it stay the same 
temperature? 

X 35. Can a learning curve be used every day and at any time or place? 



G 36. What is an inclined plane; is it a gradient? 




G 37. If you took the number of children in sixth grade in the United States each 
year for the last ten years and plotted the numbers on a graph, would this 
constitute a gradient? 



X 38. Would the number of shaves you can get with a Gillette Superblade bo an example 
of a gradient? 



X 39. Is this a gradient: cold weather and high winds? 

G 40. If you took a test one day, and then took the same test again the next day, 
would you be likely to get more right the second time? 

X 41, If other animals had minds like we humans have, would they be able to work the 
puzzle faster or slower than we did? 

G 42. Could changes in the water level of the Great Lakes be expressed as a gradient? 

G 43. Would a gradient apply to your height each year from the time you are two years 
old until you are twelve years old? 

X 44. Could anyone learn to do anything in less than three seconds? 

G 45. Is the incline of a hill a gradient? 

X 46. Would people react differently in putting different kinds of puzzles together? 




G 47, If you got so you could do the puzzle in a very short time, and then waited a 
week, could you still do it Just as fast? 

G 48. When a river flows, why is the gradient decreasing? 
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X 49. Does this experience prove how ouch Intelligence we have? 

X 52. When a scientist sets out to study a problem, does he always use gradients? 

G 53. Why is it normal that your last trial usually takes the shortest time? 

X 54. Why does it get colder in the north than in thh south? 

** ***® puzzle real well, why was it that the time for 

putting it together sometimes increased rather than decreased? 

X 56. Why are some people more skilled than others? 

® ”■ "gradient? ““ething, would a record of his errors constitute 

X 58. Can a person learn in any other way than by repeating a process over and over? 

X 59. How is time related to normal curves? 

® ~ to they Just seem to be 





Test to Determine Your Understandin g of th^ Basic Concept of 
Directional Change i^ Response to the Challenge of the Environment 

(Based on laboratory experience; "Directions! Change 
in the Human Species ^ the Long Line/' together with a 
field trip to the Chicago Museum of Natural History 
and class discussion.) 



Basic Concept: The idea involved in an understanding of evolution can be 

■ stated rather simply; Variation , plus the survival of 
that which "works , " results evolution . 

Evolution is the process of change, change in plant and 
animal for-»s, change in the physical world, and change 
in the social world of habits, customs, ideas, beliefs, 
what man does, and the things he has invented and uses. 

It is the continuous adjustment of anything to the demands 
of a changed or changing environment. 

Evolution results from a combination of two of the basic 
behaviors which scientists te ve found to be general 
proper! ties of nature. They have learned to expect 
nature to show v^'-tation and change. They have also 
learned that in nature that which "works” survives and 
tends to perpetuate itself (or be perpetuated) , rather 
than that which does not "work", or that which "works 
less well. When variation and change interact with 
survival and perpetuation, whether in biological nature, 
physical nature, or the various modifications and appli- 
cations of nature that man has made, evolution, generally 
in the form of directional change, is the result. 

Instructions: The following questions are based on the questions that 

' the members of the class were asked to prepare. You are 

asked to decide which of them apply to the basic concept 
as it is stated above. 

First ; Read the basic concept over very carefully. 

You may need to read it again many times while you are 
taking the test. Do so as often as you wish. 

Second: Mark "g” in front of those questions which apply 

to the basic concept. It would be a good idea to go 
through the entire list, and mark only those few which 
you think apply most closely. Then go back through the 
list again a couple more times to find and mask idiy that 
you mlosod bofore. In this way the first and bast onss 
that you mark will servs ao a standard by which you ean 
Judge the others. 

Third: When you are sure that you hav© marked all the ^ 

"d^s/go back through the list one more time and mark "x" 
in front of all the questions that are left. 



G 1. 
X 2. 
G 3. 
X 4. 
X 5. 

G 6. 

G 7. 

X 8. 
G 9. 

X 10. 

G 11. 

G 12. 

X 13. 
X 14. 
G 15. 

X 16. 

G 17. 

G 18. 

X 19. 
X 20. 

G 21. 
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How do animals adapt to changes in the envlromment? 

Could man's and monkey's ancestors have been brothers many years ago? 
Can the Intelligence of animals be controlled by selection? 

Why are only some animals domesticated? 

Why hasn't man's physical appearance changed as much as that of the 
horse? 



Once a mutation occurs , how can it develop into a permanent evolution- 
ary change? 

If a mutation Improves the survivability of an organism, will natural 
selection preserve this new trait? 

Can a variation be successful is it is not hereditary? 

JDoes the climate of a region select those variations which are best 
adapted for aurvlval? 

Why is man believed to be developed from prehistoric animals such as 
the lemur? 

Could the extinction of the dinosaurs have been due to their inability 
to change to adjust to the environment? 

By looking at the past and the present variety of man, is it possible 
to predict what natural selection will make out of man in the future? 

Is man unique when it comes to proxy evolution? 

Did humans evolve from the one-celled protozoa? 

Is time a strong determining factor along with variation and selection 
as far as directional change is concerned? 

Was the elephant skin we touched in the museum the same as It was on 
prehistoric elephants? 

What effect has envlromment had on the evolution of man in various 
geographic regions of the world? 

If all woodpeckers were placed In a woodless environment, over a long 
period of time, would they be able to adjust? 

Do wild plains horses have longer legs than domesticated horses? 

Does a person bear any of the characteristics of this ancestors, say 
six generations back? 

Is there any prospect of science being able to help the evolution of 
man in the future, by controlling his environment? 
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X 22. Is it possible for us to think that 200 years from this era, the 

toes and fingers of human beings will be changed, due to the development 
of scientific technology? 

G 23. Considering the wide variation in present-day mankind, could another 

race of man develop through natural selection from existing human types? 

X 24. What kinds of variations are found in the five major present-day 
human races? 

G 25. Does the force of natural selection act upon variation to encourage 
favorable gene combinations and eliminate unfavorable ones? 

X 26. Is mutation the result of natural selection? 

G 27. Is selection the only force acting on variation to produce evolutionary 
change? 

X 28. Is perspiring in human beings, to maintain body temperature at a 
constant level, an environmental adjustment? 

G 29. Does selection mold the spectrum of varioation into new patterns of 
adaptation in a continuously changing environment? 

X 30. How can the white-eye allele in Drosophila melanogaster be accounted 
for? 

G 31. Is the evolution of tools caused by environmental selection operating 
on a variety of forms? 

G 32. Is Industrial melanism a form of evolution? 

X 33. What is the difference between microevolution, macroevolution and 
megaevolution? 

X 34. Is it possible for a single human line to arise in the future? 

G 35. Does all life evolve or simply die out when it cannot adjust to the 
environment? 

G 36. Is natural selection a creative force in evolution since it favors 
and encourages efficient gene combinations? 

X 37. What changes have taken place in man's bone structure during his evolu- 
tionary development? 

X 38. Did the different races of man evolve separately or did they all 
arise from the same stem? 

G 39. Is the force of natural selection the impact of the total environment 
on the reproduction of gene combinations? 

X 40. Is gene mutation a change in the chemical organization of the gene 
that is replicated and passed on to succeding generations? 
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0 41. Are evolutionary changes still taking place itk man? 

Q 42. Is the rate of evolution more rapid In tropical areas? 

X 43. In what way did the different races of man first start? 

X 44. Is It true that hair Is becoming unnecessary to man, and will 
gradually become extinct? 

0 45, Can a large mutation in an animal cause another animal to destroy 
It because It Is different? 

G 46, What forces led to the selection of those variations that caused 
animals to evolve Into man? 

X 47. How much effect do man’s actions have on changing the world around him? 

X 48, Does evolution occur In all living matter? 

0 49, How does climate affect variations In a species? 

X 50, Is the law of probability Involved In the evolutionary process? 

0 51, Don't climate and environment have a lot to do with what kinds of 
animals and plants survive? 

X 52, Will our generation witness evolution in the development of the 
physical characteristics of man? 

0 53, How did environment affect the development of the races of man? 

X 54, Is evolution evident In micro-organisms? 

G 55, Is man shaping his present environment to fit himself or Is he 
shaping himself to fit his environment? 

X 56, If man has not yet completed his evolutionary cycle, will future 
changes be good or bad? 

G 57, Is survival of the fittest still taking place in man now that science 
and medicine have found ways of getting around man's defeclencles? 

X 58, Is man really a descendant of an ape? 

X 59, Has there been or will there over be a retrogressive form of evolution? 

G 60, If man establishes a colony on Kars, and lives there for 100 

generations, will his descendants be able to Interbreed with humans 
back on earth? 












to Oeteniine Your Under* tanding of the Three Baelc 
Concepte or Idea* 



Xn*tructlon*: The following three groups of twenty que*tion* 

‘ fron the list of questions that the menber* of the cl*** were 

jaWftrt to prepare* You are ashed to Judge which one* apply to 
the basic concept a* it i* stated. 

First ; Read the basic idea* over very carefully. 

Second: Mark "g" for "Good" in front of those question* which 

apply to the basic idea. It would be a good idea to go through 
the entire list, and mark only those few which you think most 

clearly apply. Then go back through the questions again and 

■ark any that you nissed before. In this way, the first and 

best one* that you mark will serve as a standard against which 
you can Judge the other*. 

Third: When you are sure that you have marked all^of the G *^, 

go back through the list one more time and mark X in front of 
those questions which do not apply to the basic idea. 

Basic Concept There are no sharp boundary lines in nature. All gradients show 
or Idea ; continuous change in one direction. There are gradient* ox 
““ increase and gradients of decrease. 

This portion of the test was b««ed on the laboratory experiences 
on "Paper and Thin Layer Chromatography, and Teast Activity. 




G 1. Would a gradient result in a bucket of water under a dripping faucet? 

X 2. What is the most common gradient? 

X 3. How do you find a gradient? 

04. Is it a gradual change when a twig is being burned? 

X 5. Is it interesting to study deep into a gradient? 

X 6. What does a gradient do? 

G 7. IS there a gradient in your weight as you grow? 

G 8. would aiere bo a gradient form Iron tbo ovaporatton of water In a bucket of 
water in heat all day? 

X 9. What is an example of a gradient? 

]L0. In what cases would a gradient be wrong? 

X 11. How are gradients made? 

vala teat was prepared b, Hlaa Phyllia Camea, Unlveralty of Georgia, Athens, 
Georgia. 









^ ^ '6 X2* 
G 13. 

0 14. 

X 15. 
X 16. 
X 17. 
G 18. 



How far can a gradient riaa? 

Can tho gradient be measured by pounds, carrots, ounces, or anything else 
besides centimeters and millimeters? 

Can the environment change a gradient? 

Who invented the gradient? 

Can gradients help you in science? 

Why is a gradient important? 

I wonder if you could predict how high a color would rise on filter paper. 



G 19. How long would a gradient keep on going? 

G 20. If we bad the amounts of blood cells in different peoples' blood would it 
form a gradient? 



Idea of Normal Curves and Sampling ; As the scientist works, he discovers 
certain patterns in nature which frequently take the form of nor- 
mal curves. Sometimes these are modified curves v^ich are the 
result of warping factors. The scientific method employed is also 
important, because the patterns found are a direct result of the 
type of method used and the amount of sampling which takes place. 



Basic 

0 



This portion of tho tost was based on the laboratory oxporioncos 
on "Uso of Normal . Curves In Distinguishing Species,” and "Normal 
Curves Describe Variation in Nature. ” 

G 21. Do you only get normal curves with plants or could you measure the length of a 
group of children's pencils at the end of a week? 

G 22. When you graph any human characteristic is it possible to have a porfect 
normal curve? 

G 23. Isn't a graph the best way to see if you have a bell-shaped curve? 

X 24. What language is usually used in classifying plants? 

G 25. Are there any populations exactly alike? 



G 26. 

X 27. 

X 28. 

-G 29. 
f 

X 30. 



When you have a warping factor, is there a mode? 

Why is measuring leaves important? 

What does an overlap look like? 

Is it possible to measure a hundred of something and not have any sign of a 
normal curve? 

Do all leaves have a certain pattern? 
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X 

G 

X 

G 

X 

G 

G 

X 




G 

X 



31« In a cXasfl with atudtnta* height! between four feet and six feet, who would 
you pick as a aanple? 

32. If you meaaured 1000 lima beans would you have a better curve than with 100? 

33. What type of graph do you use most? 

34. Why do different graphs of the same species have different norms? 

35. Where do most graphs make their peak? 

36. Was the only purpose in measuring these things to see how it formed a bell- 
shaped curve? 

37. Does Chinese elm belong to the same genus as the American elm? 

38. Can warping factors be good and helpful as well as bad and harmful? 

39. If you measured the height of one-hundred people would you get a normal curve? 

40. Who started science? 

Basic Concept Measurement was very Important in the past and has not changed in 
or Idea ! respect to our present day society. Since earliest times, measure- 
ment has always consisted of an expression of the relationship of 
one quantity to another. Continued use of certain relationships, 
however, has led to standardization; as a result basic systems of 
measurement are now in use throughout the world. 

Ibis portion of the test was based on the laboratory experience 
"A Simple Balance." 

41. Is weighing done with quarter- inches and BBs very accurate? 

42. What does standard measurement have to do with units of measurement? 



G 

X 

G 



X 

X 

X 

G 

G 



43. Are old sayings an accurate way to measure or compare things? 

44. Why should each kind of part in a scale be uniform? 

45. Is a bucket full a very accurate measurement? 

46. What do you think is the best measurement? 

47. What is the best measurement for measuring long distances? 

48. Why is a correction factor necessary? 

49. How can a measurement express a thought? 

50. If there were only meters how much measuring would be done on small objects? 

51. Why did we have to move the cans up every time we added BBs? 







52« Gould wo h«vo uied rock# In weighing Instead of BBs? 



G 53, Can we aeasure the length of leaves to get a quantity? 
G 34* Can we oonpare aeasurement with a standard? 



X 35. Whpt is the reason that we use the multiples of ten in measurements? 

X 56. Why should you put the main string through the 18- Inch mark and not the 16 
or 17- Inch mark? 



G 57. Why do you think when you are measuring BBs In cans that when you have the 
same number of BBs In each can, they do not balance? 

0 58. Is spreading your hands out with your thumbs touching each other a good way 
to measure a foot? 

G 59. What does standard measurement have to do with a ruler? 

X 60. How did the metric system originate? 
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